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Abstract

There are two main categories of antiterrorism policies — active and
defensive. Active measures target the terrorists directly, and by weaken-
ing their ability to operate, are a sort of public good. On the other hand,
defensive measures try to protect a potential target. Unilateral defensive
measures can induce terrorists to substitute one target for another, in
particular a foreign one. These positive and negative externalities of dif-
ferent antiterrorism measures raise the question of the best institutional
setting for countries cooperation. This paper studies how in democratic
countries public opinion and past intelligence proactive policies affect the
efficiency of counterterrorism defensive policies according to different in-
stitutional scenarios regulating cooperation among countries. The aim of
the paper is to study the consequences of four different scenarios on the
choice of defensive policies: full decentralization, intelligence cooperation,
unanimous political cooperation, such as the European Union for security
policies, and full political union, the first best solution. The main result is
that intelligence cooperation reduces the possibility of inefficient defensive
policies more than unanimous political cooperation, a case of second best
theory.

*We would like to thank the partecipants of the CefES Research Project "Norms and rules.
Causes and effects of socio-demographic, economic and political dynamics inside and outside
FEurope", the participants to the 1st CefES Conference on European Studies, the participants
to NESPUTT 2019, and the participants to PEDD2020. The comments by Thomas Apolte,
Roger Congleton, Stefano Colombo, Giorgio Di Maio, Mario Ferrero, Simon Hug, Samuli
Leppala, Marco Mantovani, and Martin Paldam have been very useful.
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1 Introduction

Between 2010 and 2016, over 300 people were killed in terrorist attacks in the
European Union. In particular, between January 7, 2015 and July 26, 2016, 239
persons were killed by Jihadist terrorists in France, including the 130 people
murdered on November 13, 2015, in the attacks at Stade de France and at the
Bataclan music hall, the worst single massacre of French civilians since the one
committed by the Nazis in the village of Orandur-sur-Glane during Word War
II. French was also the first victim of this new wave of Islamist terrorism, but
Belgium too was struck in March 2016, with the suicide attacks on Brussels
National airport and the Maelbeek metro station. Germany was attacked on 19
December 2016 by Jihadist Anis Amri driving a truck into a Berlin Christmas
market. After 2016, deaths fell by 52 per cent, from 168 in 2016 to 81 in
2017. From January until October 2018, fewer than ten deaths because of
Jihadist terrorism were recorded in Europe, however despite the fall in deaths,
the number of incidents and arrests rose, in particular in 2019 there have been
16 foiled Jihadist terrorist plots in EU, witnessing the effectiveness of European
anti-terrorism policies.

In an era where terrorism and other serious crime operate across borders,
both the European Union and its Member States have a responsibility towards
their citizens to deliver an area of internal security where individuals are pro-
tected, in full compliance with EU fundamental rights. Member States have the
front line responsibility for security because they are democratically accountable
to their citizens, but cannot address transnational threats effectively acting on
their own. That is why it is crucial to consider the European governance in
which national authorities can and do work together effectively to tackle shared
challenges so that it possible to construct an effective Security Union in which
the rights and freedoms of citizens are well protected.

The terrorists’ attacks in Europe raise at least two different but related re-
search topics: the analysis of the determinants of governments’ counterterrorism
reactions and the search for the most efficient institutional cooperation to re-
duce terrorism threats. Both aspects require both a theoretical and an empirical
enquiry; in particular it is not possible to avoid a theoretical model because the
observable equilibrium outcomes crucially depend on the non-observable out of
equilibrium actions. The main purpose of this paper is to enlighten the combined
effect of voters’ propensity towards securization policies and of institutional sce-
narios on the (in)efficiency of counter-terrorism defensive policies, when active
intelligence policies are inherited by a country’s past history. In this way, we
compare the relative efficiency of different institutional agreements as a function
of voters’ propensity for securization policies. To be clear, we are not investi-
gating the best counter-terrorism policies, their costs and benefits and whether
some anti-terrorism policies can be counter-productive. Instead, we take active
policies as given, and we analyse how defensive policies efficiency is affected by
governments’ information and institutional cooperation. This analysis requires
the combination of two different streams of literature, the works on political



unions and the research on counterterrorism policies]T]

Counterterrorism policies consist of government’s actions aimed to reduc-
ing terrorists’ motivation, to inhibit terrorist attacks or to curtail their conse-
quences, and can be divided in two main categories, active and defensive. Active
or offensive measures target the terrorists, their resources, or their supporters
directly: by weakening the ability of terrorists to operate, active policies reduce
the frequency and prevalence of attacks against all at-risk targets, home and
foreign; hence they are a sort of public good. Defensive or passive policies try
to protect a potential target against an attack or to ameliorate the damage in
case of an attack. Defensive measures may involve the installation of techno-
logical barriers, the hardening of targets (e.g., barriers in public spaces), and
the deployment of security personnel. Unilateral defensive measures can induce
terrorists to substitute one target for another relatively cheaper, in particular
a foreign one, hence globally they generate negative spillover effects. More-
over, offensive and defensive policies can be complementary, in the sense that
active policies may provide information useful for defensive measures. On the
other hand, offensive policies can backlash on the terrorists’ attitude to attack
a specific country since these actions may create new grievances. This distinc-
tive emphasis on positive and negative externalities is by now standard, but
significantly less works study their different public observability: many active
policies, such as intelligence, are not publicly known, while defensive measures
should be observable to be effective. We start from these aspects, assuming
that intelligence activities is a country private information given by its past
history, that active and defensive policies complement in reducing the likely
effects of terrorists’ attacks and that the terrorist organization targets more
heavily a country that it believes is more heavily involved in active policies,
using each country defensive policy to try to infer such informationEI More-
over, since counter-terrorism policies affect the likelihood of terrorism attacks
in different ways according to these different spillover effects, the literature on
political union is crucial to analyze these problems. Given these characteristics
of counter-terrorism policies, it should be clear the relevance of the institutional
settings that trade-off the benefits of policies’ coordination to internalize policy
spillovers and the costs of uniform political decisions on otherwise heterogeneous
citizens, i.e. the research program on political unions.

This paper investigates the interplay between the possibly cooperative deci-
sions in defensive measures and the citizens propensity towards law and order
policies, when two countries are threatened by the same terrorist group and
defensive policies are influenced by given country specific preemptive measures.
Specifically, we consider a peculiar type of active counter-terrorism measures,
intelligence and covert missions that are country specific and that we assume
depends on the country past history. We also assume that these active measure

1On political union see e.g. Alesina and Spolaore 1997 and 2006, Alesina et al. 2000 and
2005, on counterterrorism policies see e.g. Arce and Sandler 2005, 2007 and 2010, Bandy-
opadhyay and Sandler 2011, Brueck et al. 2008, Bueno de Mesquita 2007, Das and Lahiri
2006, Enders and Sandler 2006b.

2Kunreuther and Heal 2003; Sandier and Enders 2004 and 2006.



have two opposite effects: on one hand they backfire in the sense that terrorists
would prefer to attack countries more heavily involved in active policies even
if terrorists are not fully informed on a country involvement in intelligence ac-
tivities, on the other hand intelligence allows more effective defensive measures,
reducing terrorism effectivity. Within this complex interaction between active
and defensive policies, our institutional reference point is the European Union
(EU) and its counter-terrorism governance. Thus, we compare four different
institutional scenarios: full decentralization, intelligence coordination, political
union such as EU, and full integration (efficient reference point). For each of
these scenarios, we show the inefficiencies related to the interplay between ac-
tive and defensive policies and lack of internalization of the strategic effects of
such policies; moreover, we connect such inefficiencies to the countries’ demo-
cratic accountability as a function of citizens’ propensity towards law and order
policies and on the institutional cooperation possibilities between countries.

The model aims to capture this strategic interaction between a transnational
terrorist organization such as ISIS, with two democratic countries that are po-
tential targets for terrorist attacks and that may coordinate their antiterrorism
activities in different ways, depending on the institutional scenario. We consider
a four-stage game where nature chooses the active policies, the two countries
are fully or partially informed about nature’s choices, and choose the defensive
policies, then the terrorist organization decides which country to attack, and
finally, observing the level of their country damages and the government public
policy, voters decide whether to dismiss or not the incumbent government. We
look for closed form solutions to make precise comparisons, thus we simplify
the model assuming specific functional forms for the conflict technology and
agents’ payoffs; moreover we also assume a finite set of players’ actions and of
country types. Specifically, we suppose that each country is characterized by
two types of active policies, high or low, and that given its private information
on the amount of intelligence, each government must choose whether to allocate
a high or low amount of the current public extra budget to defensive policies
or to other public goods. Regarding players’ payoffs, we assume that the citi-
zens wish to trade off between lack of damages caused by terrorists’ attacks and
public expenditure on public goods different from defensive measures, while the
government just wish to be reelected. As for the payoff of the terrorist orga-
nization, the definition of its ultimate objective is a complicated and debated
issue. In this paper, we focus on its immediate goal, the amount of damages
inflicted on a country, positively weighted by the involvement of that country
in active antiterrorism policies (the backlash effect). This aspect is consistent
with the empirical evidence that successful attacks stimulate the recruitment of
terrorists, especially when target countries are actively involved in antiterrorism
policies. This structure of strategic interaction lead to a non trivial signalling
game, with four types, two senders - the governments of two countries -, one re-
ceiver - the terrorist organization -, and two non strategic players, each country
voters.

The model is related but different from the established literature in several
important aspects. First, as usual, it assumes that both the terrorist organi-



zation and the countries act strategically. Second, each country government is
democratically accountable to its citizens, that reelect or dismiss the incum-
bent government depending on their policy decisions. Third, active measures
are a country private information, and this will influence its optimal defen-
sive decisions because of complementarity between active and defensive policies.
Moreover, all countries are potential targets for a terrorist attack, however the
greater the amount of active measures, the higher terrorists’ propensity to at-
tack that country, a backlash effect. Since active policies are not observable by
terrorists’, defensive measures may work as a signal. Finally, the possibility of
defensive policy cooperation depend on four possible institutional scenarios, i.e.
from four different structure of strategic interaction, from a full decentralized
setting to a full political union, through the intermediate steps of simple intelli-
gence cooperation and of unanimous policy cooperation, as in EU. Within this
model, we show that the likelihood of inefficient policy choices has a complex
non monotone relationship with the amount of institutional cooperation, unless
public opinion is extreme for or against law and order policies. In particular,
domestic policy choices are usually inefficient because of excessive expenditure
on defensive policies.

The paper is organized as follows. Section 2 presents some information on
Islamic terrorism and on EU anti-terrorism governance, section 3 presents and
discuss the model, sections 4 and 5 present the efficient and the equilibrium
policies in our institutional scenarios, section 6 compares efficient and actual
outcomes and section 7 concludes. The calculations and the proofs are in the
online Appendix: since the analysis of this four stage signaling model requires
many tedious long calculations to characterize the set of possible equilibria, in
the main text we only report the relevant results, together with self-explaining
figures.

2 Transnational Terrorism and Anti-Terrorism
in the European Union

2.1 Islamist Terrorism in the European Union

Since 1968, Europe has confronted an increasing threat of transnational terror-
ists, i.e. incidents involving perpetrators, victims, institutions, governments, or
terrorists from two or more countries. After the 9/11 attacks, the EU set three
guidelines for how European states should respond to terrorism

1. all the aspects of anti-terrorism policies should be under control of civil
authorities;

2. the security forces must conduct all anti-terrorist operations within the
law;

3. special powers, which may become necessary, should be approved by the
legislature only for a fixed and limited time.



However, until the 2004 bombing in Madrid, Al Qaeda did not select Euro-
pean countries for attack. The situation changed following the arrival of Eu-
ropean troops in Afghanistan and in Iraq. The impact in terms of deaths and
injured was shocking, in particular because of the 192 deaths and 2050 injuries
of the 2004 Madrid train bombing and of the 52 deaths and 784 injuries because
of 2005 London bombing. After some quiet years, in the last 10 years, there has
been a new rise in Islamic Terrorism in Europe, in particular the years 2014—
16 saw more people killed by Islamic terrorist attacks in Europe than all ten
previous years combined, and the highest rate of attack plots per year. Since
2014, more than 20 fatal attacks have been carried out in Europe. France saw
eight attacks between January 2015 and July 2016; United Kingdom saw three
major attacks carried out in a span of four months in early 2017; other targets
in Europe have included Belgium, Germany, Russia, and Spain. The transconti-
nental city of Istanbul also saw both bombings and shootings, in January 2016,
June 2016 and January 2017. The deadliest attacks of this period have been
the November 2015 Paris attacks (130 killed), the July 2016 Nice truck attack
(86 killed), the June 2016 Atatiirk Airport attack (45 killed), the March 2016
Brussels bombings (32 killed), and the May 2017 Manchester Arena bombing
(23 killed). Most attacks since 2014 have been carried out by individuals using
guns, knives and vehicles. A notable exception is the Brussels cell, which car-
ried out two of the deadliest attacks of the period. Despite high-profile attacks
in Barcelona and Manchester in 2017, the surge in terrorism over the past few
years has abated. France recorded seven deaths from terrorism in 2017, down
from 162 in 2015. Germany experienced 26 deaths in 2016, but just one in 2017.
There was also a large improvement in Belgium, where the number of deaths fell
from 36 in 2016 to 2 in 2017.The deadliest terror attacks in 2017 were a suicide
bombing in the United Kingdom at an Ariana Grande concert in Manchester,
that killed 23 people and injured an additional 119 and a vehicular attack in
Barcelona that killed 23 people and injured 101 more. Decreased activity from
ISIS and other Jihadist groups in Europe has occurred alongside significantly
stricter counterterrorism and security measures throughout Europe and loss of
territory in Iraq and Syria, in particular increased counter-terrorism spending
and security measures have reduced the frequency and the lethality of attacks,
as witnessed by the increased number of incidents and of arrestsﬂ From the
data of the Europol EU Terrorism Situation and Trend Report (TE-SAT) we
can construct the following graphs of deaths, injured and arrests in EU from
2008 to 2017 because of Islamist Terrorism [

2.2 Security and Policy Governance in the European Union

Our main institutional reference point is the European Union (EU) and its anti-
terrorism governance structure. In the simplest of terms, EU is more than an

3Data from the Global Terrorism Index.

4The official definition of "Islamist Terrorism" by European Union (Europol (2009-2018)
is "terrorism ... perpetrated by individuals, groups, networks or organizations which evoke
Islam to justify their actions".
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Figure 3: Arrests in EU because of Islamist Terrorism

international organization, but less than a federal state, with a new and original
form of governance. Its aim is to deal with transnational problems involving pos-
itive and negative externalities, in particular concerning economy, environment
and security. The main EU challenge is to manage national differences providing
a collective return in exchange of the limitation of national sovereignty. Within
EU policies, the Area of Freedom, Security and Justice (AFSJ) is a collection
of home affairs and justice policies designed to ensure security, rights and free
movement within EU. Areas covered include the harmonization of private in-
ternational law, extradition arrangements between member states, policies on
internal and external border controls, common travel visa, immigration and
asylum policies and police and judicial cooperation.

The “EU Global Strategy for Foreign and Security Policy” (hereafter EUGS)
was presented on 28 June 2016 and represented the final result of a two year-
long reflection about the regional and global strategic landscape surrounding
Europe, substituting the 2003 European Security Strategy. The title of the
document, “Shared Vision, Common Action: A Stronger Europe”, illustrates
that EU governance considers very important to improve the sharing of aims
and information, and the realization of common efforts involving all EU’s mem-
bers and their partners (beginning with the NATO). EUGS calls for a new EU
approach to conflicts and crises as well as for new better links between EU in-
ternal and external policies, as required by the growth of the migration and
terrorism phenomena. It establishes the improvement of the Common Foreign
and Security Policy (CFSP) and of the Common Security and Defence Policy
(CSDP). The EUGS confirmed that member States remained sovereign in their
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defence decisions: nevertheless, it also indicated that “to acquire and maintain
many of these capabilities, defence cooperation must become the norm” and
that “to increase investment in and solidarity on counter-terrorism are key”.
So the EUGS “will therefore encourage greater information sharing and intelli-
gence cooperation between Member States and EU agencies. This entails shared
alerts on violent extremism, terrorist networks and foreign terrorist fighters, as
well as monitoring and removing unlawful content from the media. Alongside,
the EU will support the swift recovery of Members States in the event of at-
tacks through enhanced efforts on security of supply, the protection of critical
infrastructure, and strengthening the voluntary framework for cyber crisis man-
agement”. Improved information-sharing between CSDP and Justice and Home
Affairs actors has been given particular prominence, with progress made in de-
veloping a pilot project for a Crime Information Cell located within a CSDP
operation (EUNAVFOR MED Operation Sophia) to test integration of internal
and external instruments at field level more systematically.

Besides this EU general scheme, new restrictive anti-terrorism rules were
established by single countries: e.g. in Belgium the legislation on privacy in-
trusive techniques was broadly reviewed and modernized, including issues such
hacking by the police into a laptop or a smartphone from outside, or infiltrating
groups on internet. It became possible to search a house at night, in specific
circumstances. Besides, the period of “garde & vue” was extended and new of-
fences were added to the code of criminal law, including the act of preparing a
terrorist attack. Finally the relationship between intelligence services and the
judicial investigation became much more flexible than it was before. A data-
base was set up where intelligence and police agencies share information about
certain categories of people. It includes all sorts of extremism, not only Islamic
extremism and people who were in Syria, but also far right extremism. Other
actors such as prisons or probation officers were granted access to the database
and are required to feed it.

3 The Basic Model

The aim of the model is to study the interplay between preemptive and defen-
sive countermeasures against terrorism when two countries are threatened by the
same terrorist group and the national governments are democratically account-
able to citizens. Our reference point is the European Union and its institutional
counter-terrorism governance, previously explained. European countries have
a long and specific history of involvement in terrorism related situations, often
related to their post-colonial heritage, as the case of Jihadist terrorism shows.
Because of this characteristic, we consider a peculiar type of active counter-
terrorism measure, intelligence and covert missions, that we assume as given
and as country specific, i.e. correlated to each country past history. Moreover,
these given active measures have two opposite effects: on one hand they backfire
in the sense that terrorists would prefer to attack countries they believe to be
more heavily involved in active policies, on the other hand they allow more ef-

11



fective defensive measures, reducing terrorism effectivity. Finally, an important
political characteristic of European countries is that they are democratic, thus
it is important to model each government accountability towards each country
specific voters.

We formalize these ideas as follows. We consider five agents: the govern-
ments of country j € {A, B}, G, a terrorist organization T and the voters of
country j € {A, B}, V7. Country j is characterized by a given amount of ac-
tive policies p’, which is its private information. Each government, G/, receives
a signal o7 € {p’, (p*,p?)} that provides different information on countries’
intelligence, according to the institutional setting: when the country are inde-
pendent o7 = pJ, i.e., each country knows its intelligence only, when there is
information sharing o7 = (pA,pB ) , i.e. each country knows its and the other
country amount of active policy. Then each government chooses the allocation of
the public budget between defence measures d’ and residual public expenditure
¢’. Hence 1 = ¢/ +d7, because of budget constraint. The governments’ decisions
are jointly taken when there is policy cooperation, otherwise they are taken inde-
pendently and simultaneously. The terrorist organization T' observes (dA, dB )
but not countries intelligence policies, and decides the allocation of available
resources between attacks to country A and country B, a® and a?, so that
a? + a® =1, again because of budget constraint. Finally, voters of each coun-
try j, V7, decide whether to remove or not the government, R = 1 or R = 0. As
far as the agents’ objectives, we assume that each government G is interested in
maximizing the probability of re-election, hence U’ (Rj = 0) > U (Rj = 1) ,
while the terrorist organization 7' is interested in maximizing the weighted to-
tal loss from attacks ET (pA[d?) 14 + ET (pP|dP) 1P, where I/ € [0,1] is the
intensity of losses measured in percentages, and the weight E7 (p/|d’) is the
terrorist evaluation of government j active policy, given terrorists’ information.
The idea is that the terrorists organization prefers to attack countries that have
more strong active policies. This is consistent with the empirical evidenc and
formalizes the idea of active policies backlash. Finally, we assume that the prob-
ability of removing the government is determined by probabilistic voting a la
Persson-Tabellini, so that voters are not strategic players. Let we stress that this
version of governments’ budget constraints, means that terrorists’ attacks do not
affect the available resources. Similarly, we assume that the terrorists’ budget
constraint is not affected by countries’ active or defensive policies, coherently
with the situation we want to model.

Summing up, the timing of the play is the following:

1. Nature characterize each government G by a given stock of active policies,
p? and by a signal 07 € {pj, (pA,pB)} ;

2. G4 and G simultaneously decide how much of the current budget should
be allocated to defensive policies d* and d?;

3. T does not observe (pA,pB) , just (dA, dB) , then decides how much re-
sources to use to attack countries A and B, a? and a? causing a loss of

5E.g. Sandler 2003.
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Figure 4: The timing of the game

intensity of [4 and 12

4. Voters of country 7, V7, j € {A, B}, remove or not the government, R = 1

and R = 0, according to the probabilistic voting model & la Persson-
Tabellini as a function of (dA, B 14, ZB) .

The timing is constructed to model the idea that intelligence policies depend
on past choices that can’t be renegotiated, however they affect the effectivity
of subsequent strategic choices on defensive policies. Moreover, by definition
terrorist can’t observe countries’ intelligence, but can extract information from
countries’ strategic choices. Finally, voters observe the effects of government’s
choices and decide whether to dismiss it or not. The timing of the games is
represented in figure 1.

To simplify calculations and to derive closed form solutions, we consider the
following specific assumptions on variables and on functional forms:

1. The countries’ possible types are finite, in particular:
(p*,p") € {1,2} x {1,2}
where p? = 1 means weak active policy, p/ = 2 strong active policy;

2. Types are independent and symmetric, hence
Pr {pj =1p = 1} =Pr {pj = 1} =;

3. The government’s possible choices of defensive policies are finite, in par-
ticular

(a*,dP) € {0,1} x {0,1}

where d7 = 0 means weak defensive policy, d/ = 1 strong defensive policy;

13



4. Country j loss from a terrorist attack is given by the following ratio

. o o @’
V=0, p* + 92,97, &) = 5—5——

(@ p 40" ) = e
that models in the simplest way the public good characteristic of active
policies and the complementarity between active and defensive policies.
This functional form is a version of the standard Tullock conflict technol-
ogyﬂ adapted to this contest;

5. The probability of not removing government j depends on a parameter w
uniformly distributed on [—1,~] so that government j is re-elected if and
only if w < ¢’ — 17, hence

i 0lgd ) — Py 1 Y (gi g
Pr{R =0[¢g’,l'} = 1+7(1+yg V)y=1 T (v +17)
where v € [0,1] is a parameter that reduces the effect of the bundle of
public goods different from security, to account for the fact that there
many different public goods apart from security and that usually the vot-
ers’ preferences are dispersed on generic public goods while they agree on
security. In other words, v is a measure of the weight the voters attach
to tangible and intangible public goods different from defensive policies.

Hence the greater v, the smaller the voters’ weight on security policies.

These assumptions are obviously restrictive, however, besides allowing the
calculations of closed form solutions, they are also used to sign the global effects
of opposing externalities. Their meaning is quite transparent. The loss from
a terrorist attack [/ is modelled adapting to this setting the standard Tullock
conflict technology, including also the idea of strategic complementarity between
intelligence and defensive policies, so that I’ is increasing in the magnitude of
the attack a’, decreasing in the total amount of active policies p?* + pZ, that
thus work as a public good, and decreasing in defensive measures d’ interacted
with the amount of active policy p’ to model the idea that defensive and active
policies are complements. Type p’ € {1,2} as well as d’ € {0, 1} are an effective
way of modelling the idea that active and defensive policies might be weak or
strong, avoiding discontinuity in the conflict technology. Finally, the model
of probability voting is a standard version & la Persson-Tabellini where the
probability of re-election is increasing in the amount of the public good ¢7,
decreasing in the loss from a terrorist attack [7, and the greater -, the smaller
the voters’ weight on security policies.

3.1 The Different Scenarios

We consider four possible institutional scenarios that correspond to four different
game’s forms.

6 Tullock 1980.

14



S REEEEEE |

o-------@_ .
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3.1.1 Scenario 1: Full Decentralization

In a full decentralized environment, countries share neither information nor
policy choices. This scenario is formalized assuming that a country’s signal
provides no information on the other country stock of active policy, hence

o’ (p*,p®) =p’.

Hence, each country choice maps from the set of its possible active policies, i.e.
country j private information, to the set of defensive policies:

6 {1,2} - {0,1}.

The first stage of the game tree with full decentralization is represented in the
following figure.

3.1.2 Scenario 2: Intelligence Cooperation

In an environment with intelligence cooperation, the countries share information
on past active policies. This scenario is formalized assuming that a country’s
signal provides full information on the joint stock of active policies, so that:

o (p*,p®) = (p*,p").
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Figure 6: Intelligence cooperation

Hence, each country choice maps from the set of both countries possible active
policies to the set of defensive policies of country j, so that:

& {1,2} x {1,2} — {0,1}.

In this institutional scenario, there is perfect sharing of information on active
policies between countries, however each government independently implements
its defensive policies to maximize the probability of re-election. The first stage
of the game tree with intelligence cooperation is represented in the following
figure.

The importance of intelligence cooperation emerges by the reconstruction
of ISIS last terrorists attacks in Europe, where some of them could have been
avoided if intelligence information would have been fully shared within Euro-
pean countrieSEI Existing information sharing systems provide a vital opera-
tional tool for European countries, but there is agreement that there are gaps
in functionality, coverage and inter operability. This means that there is scope
for greater and better information sharing between member states, and a key
facilitator should the building of trust and awareness of the benefits of sharing
information. In this paper we do not tackle the issue of trust building, how-
ever we hope that our results will consolidate the global view on the benefits of
sharing all the intelligence information.

"This has been the case for the Paris 2015 and the Berlin 2016 attacks.
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3.1.3 Scenario 3: Unanimous Political Cooperation a la EU

In an environment with policy cooperation, the countries share information
on active policies and jointly choose the defensive policies. This scenario is
formalized assuming that a country’s signal provides full information on the
joint stock of active policies:

SAUB (pA’pB) _ (pA,pB)
so that the countries’ strategies are the following kind of maps
§4YP (1,2} x {1,2} — {0,1} x {0,1}.

In this institutional scenario, there is perfect sharing of information on active
policies between countries, the problem is how to model the payoff function
of a Political Union such as EU. There are two main approaches to study or-
ganizations regulated by formal voting procedures. The first approach models
a given institutional scenario with as many details as possible while retaining
technical feasibility. We are not following this approach, even if we recognize
its importance. The alternative approach, the one used in this paper, aims at
studying general issues and their impact on the equilibria of an international
organization such as EU, constructing a very simple model, artificial perhaps,
that isolates as much as possible the issues under analysis, analyzing the effects
on equilibrium outcomes. As explained in section 4, EU’s foreign and security
policy decision are governed according to EUGS, which requires unanimity. The
literature that may be used to model the policies choice process in this institu-
tional scenario, is huge and diversified, from the analysis of veto power in voting
modelsﬂ to the study of the consequences of unanimous jury verdictsﬂ from the
calculations of the equilibria in delegated games with unanimitym to the general
analysis of decision making in committeesE from the study of social choices in
unanimity gameﬂ to the works on Bayesian Persuasionﬁ from the analysis
of strategic delegation and voting rule@ to the effect of coalition formation
in bargaining models However, all these studies consider detailed models of
strategic interaction, while we need a concise tool to model decision making in
the unanimity EU setting. Moreover, in many of the above studies the focus is
either the role of incomplete information or the search for efficient solutions, an
approach that by construction we exclude from our institutional scenario. Our
starting idea is that a government would approve a collective decision making
only if the decision would not reduce its wellbeing. This implies that there is
no substitutability between countries payoffs, hence the union payoff function

8See e.g. Tsebelis 2002.

9See e.g. Feddersen and Pesendorfer 1998.
10See Granoty et al. 2003.

Hevy 2007.

12Kalai and Samet 1985.

13 Gentzkow and Kamenica 2011.

! Harstad 2010.

15Rogna 2019.
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should satisfy the following restriction:
vet (UG (RY), U (RF)) = min {US" (R) U (RP)},

i.e. we use the Rawlsian social welfare function as a simple way of modelling
political decision that satisfy the above institutional conditions. It means that
we model the EU unanimous decision making on security matter as if the union
considers the governments’ welfare as perfect complements. The point is that the
governments take a collective decision, however each government is accountable
to its own electorate, and this synthetic functional form is a way to model
both these aspects, collective decision making and independent accountability.
Moreover, to reduce the enormous number of possible equilibria, we limit our
analysis to symmetric equilibria because in this specific institutional setting we
consider unrealistic that negotiations between symmetric players may lead to
asymmetric agreementsm

3.1.4 Scenario 4: Full Political Union

In an environment with full political union, de facto there is a unique country,
so there is perfect information on active policies and the defensive policies is
chosen by a single government. This scenario is formalized as follows:

oAB (pAva) _ (pA’pB)
648 1 (1,2} x {1,2} — {0,1} x {0,1}.

Besides perfect sharing of information on active policies and joint choice of the
defensive policies, in a full political union the aim is to maximize the global
probability of re-election. This means that the political union payoff function is

AB

v (R) =UY (R) + U (R),
while there is unique electorate with payoff
UV (gA +gB7lA +ZB) .

Clearly, between scenarios 3 and 4 there is no difference in the game form,
the crucial difference regards the choice of defensive policies, that in case of
unanimous policy cooperation are jointly chosen by two independently account-
able agents, the governments of country A and country B, while in scenario 4
they are chosen by a single agent, accountable to the voters’ of both countries.
The first stage of the game tree with policy cooperation or with full political
union is however identical and it is represented in the following figure.

The following table sum up the four different scenarios and their peculiarities:

16See Kalai and Samet 1985. For a discussion on asymmetric equilibria in symmetric games
see Amir et al. 2010 and Cavalli et al. 2017.
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Figure 7: Political cooperation

Table 1

Scenario

Changes in the game

Fully decentralization

ol (p*,pP) =/
67 {1,2} — {0,1}

Intelligence cooperation

{ .Oj <pA’pB) — (pA7pB)
o7 {1,2} x {1,2} — {0,1}

Unanimous Political Cooperation

UAUB (pA’pB) _ (pA’pB)
5" {12} x {1,2) — {0,1} x {0,1}
[7GAVE (UGA (RA) uc”® (RB>) _

Full political union

= min {U9" (R*),0¢” (R)}
N o (P p") = (»*,07)
5" 1,2} x 1,2} — {0,1} x {0,1}
U (R)=U%" (R)+ UC” (R)
UV (9" + g%, 14 +17)

3.2 Comments on the Model

The aim of the model is to study the interplay between preemptive and de-
fensive measures against terrorism when countries are threatened by the same
terrorist group and the national governments are democratically accountable
to citizens. The outcomes of this situation of strategic interaction depend on
the institutional setting, i.e. whether there is fully decentralization, intelligence
coordination, policy coordination or full political union. The crucial exogenous
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variables, are

e the probability of low active policies 7, so that 1 — w is a measure of a
country historical involvement in foreign interventionism;

e the parameter v that reduces the weight on the probability of re-election
of the bundle of public goods different from security, so that 1 — v is a
measure of voters’ propensity towards securization policy;

e the extensive form of the game, i.e. the institutional scenario.

In this way, the model is able to explain the amount of resources each govern-
ment allocates to defensive counterterrorism and to other policies, the intensity
of terrorism activity against each country, the domestic political stability and
the efficiency of different institutional settings as functions of government active
policies, of voters’ concern for security and of the kind of cooperation among
countries. The following table, sum up exogenous and endogenous variables,
and their interpretation:

Table 2
Exog. var. Interpretation Endog. var. Interpretation
1_x historical involvement in d’ € {0,1} defensive counterterrorism
foreign interventionism j€{A,B} policies of country j
1—~ voters’ propensity towards a’ €[0,1] terrorists’ attacks
securization policy j€{A, B} towards country j
institutional scenario < . ; ef ficitency ranking as a
r & extensive form @ () 2 &% (T) fij;”]:ction gf the scgnario

In the following sections, we propose a qualitative view of our formal results,
that are quantitatively specified in the Appendix.

4 Countries Efficient Policy Choices

Agents’ efficient choices depend obviously on their private information, thus
we have to distinguish between the two cases, when the countries have private
information on their active policies and when they share this information. The
efficient outcome for voters, then it is given by the choice 6F (O'j (p’ ,pd ))
that maximizes the probability of both government reelection. Thus, the social
welfare function W to maximize is

W=EFE [Pr {RA = O;gA,lA|aA}] +FE [Pr{RB = O;gB,lB|aBH =

ot Iplans o’
T 14y 7 pA + pB + pAdA

B
A B a B

o+ F |~vd” + o x

| } [W pA+pB+deB| H
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1—a
pA+pB+deB

a

B e S
x v +pA+pB+pAdA

|0’A:| +FE {WdB + loB] .

Obviously the social welfare function depends also on the values of a, that is
anticipated as sequentially rational.

4.1 The Countries Efficient Choices with Private Informa-
tion

When there is full decentralization, then o7 (pj ,pJ ) = p’. The efficient out-
come for the government and the citizens of country j should consider this in-
formation limitation. Then the efficient choices are the solution of the following
minimization problem

d = (a4 (p*) ,d™F (p)) € argmin E [Wlo? (p',p7) = p'] &
o dE — (dE’A (pA) 7dE',B (pB)) c

a*Br N a®F(1—7) ] N
pA 4+ pAdA (pA) + 1 pA+pAdA (pA) 42

(1-af)m N (1-af)(1—m)

pP +pPdP (pP)+1  pP +pPdP (pP) +2
where the expectation is taken with respect to the possible states of nature
(pA,pB) € {1,2} x {1,2}. In Appendix A we derived the following characteri-
zation of the efficient counter-terrorism policies.

€ argmin {E [vdA (pA) +

+ B |yd® (pP) +

Proposition 1 When each country has private information on its active poli-
cies, the efficient counter-terrorism defensive policies depend on the country
historical involvement in foreign intervention (1 —m) and on voters’ propensity
towards securization policies (1 — ). In particular

1. when both the country historical involvement in foreign intervention (1—7)
is low and voters’ propensity towards securization policies is high (low ),
efficient defensive policies are uniformly strong;

2. when the country historical involvement in foreign intervention is low/intermediate

and voters’ propensity towards securization policies is high/intermediate,
efficient defensive policies are strong when active counterterrorism policies
are significant and weak otherwise;

3. when voters’ propensity towards securization policies is low/intermediate,
efficient defensive policies are uniformly weak for any country historical
involvement in foreign intervention.

Graphically, we get the following picture for the region (v, ) :
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Figure 8: Countries’ efficient policies with private information

Let us remark that efficiency requires that stronger defensive policies are
associated to strong voters’ request for securization policies (low «), however
this is not enough, it also requires a significant lack of historical involvement
in foreign interventionism, i.e. high 7, however for low/intermediate level of
voters’ request for securization policies, historical involvement in foreign inter-
ventionism is irrelevant.

4.2 Efficient Choices when Countries Share the Informa-
tion

When the countries share their private information, o/ (pA,pB ) = (pA, pB).
Then the efficient choice 67 (pA ,pP ) is the solution of the following minimization
problem

df = (d¥* (p*,p®),d%? (p*,p?)) € argmin E [W] &

o dE _ (dE,A (pAva) ,dE’B (pAva)) c

SR 1— SR
{ydu“ +’ydB+—( ) H

S in B
arg min P2+ P + pAdA A+ pP + pBdB

where the expectation is taken with respect to the possible states of nature

(p*pP) e {1,2} x {1,2}.
In the Appendix A, we derived the following result
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Figure 9: Countries’ efficient policies with shared information

Proposition 2 When the countries share their private information, the effi-
cient counter-terrorism defensive policy choices do mot depend on the country
historical involvement in foreign intervention (1—mx ), but only on voters’ propen-
sity towards securization policies (1 — ). In particular

1. when voters’ propensity towards securization policies is low (high v), effi-
cient defensive policies are uniformly weak;

2. when voters’ propensity towards securization policies is low/intermediate,
efficient defensive policies are strong if active counter-terrorism policies
are not significant for both countries and weak otherwise;

3. when voters’ propensity towards securization policies is high/intermediate,
efficient defensive policies are strong if active counterterrorism policies are
not significant for both countries or for the country with significant active
measures, weak otherwise;

4. when voters’ propensity towards securization policies is high, efficient de-
fensive policies are uniformly strong.

Graphically, we get the following picture:

Let us stress that now the probability m, i.e. the likelihood of non involve-
ment in foreign interventionism, is irrelevant because there is no more private
information between the countries. Moreover, as before, efficiency requires that
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stronger defensive policies are associated to stronger voters’ request for secur-
ization policies (low ), however for intermediate levels of -, a strong defensive
policy is associated to unilateral active counter-terrorism policy or to bilateral
lack of interventionism.

5 The Equilibrium Policy Choices

To solve the game, we consider Perfect Bayesian Equilibria (PBE) in pure strate-
gies as solution concept. Hence, to solve the game we work backward. However,
the third stage is not strategic because of our assumption of probabilistic vot-
ing. Hence we start from the terrorists’ choice, that depends on their beliefs. As
usual with signalling games, one of the main problems in characterizing the set
of possible PBE is the indeterminacy of the out-of-equilibrium beliefs. A com-
mon practice in this class of games, is the use of some form of forward induction
to solve such indeterminacy problem, however in this case this criterion is not
applicable, because there is no clear indication that a deviation is more likely
for a type than for the other. Thus, we prefer to assume passive updating, i.e.
the idea that out-of-equilibrium actions do not convey any relevant information
that requires to change priors.

5.1 The Terrorists Sequential Rational Choices

To derive the PBE, we start with terrorists sequential rational choice as a func-
tion of their beliefs. The terrorists’ choice depends of the observed

(a*,dP) € {0,1} x {0,1}

hence it does not directly depend on the institutional scenario. Of course, what
might be different are terrorists’ beliefs that depend on the governments’ policy
choice. Formally, the terrorists sequential rational choice is given by the solution
to the following maximization problem

E (pAd*,dP) a (d*,dB)  E (pP|d*,dP) P (d*,dP)
(a4 (44,dP) 0B (44,48 ) o +aB=1) pA +pB +pidt pA +pB +pBdP '

In appendix B, we derivdZI the terrorists’ sequential best replies at each infor-
mation set as a function of their beliefs, a crucial result to derive the PBE in
any institutional scenario.

5.2 Perfect Bayesian Equilibria in Scenario 1 with Fully
Decentralization

For the governments, there are 2 possible information set and 2 actions for
each information set, i.e. 4 possible strategies, hence there are 16 possible

17See Lemma 1.
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strategy profiles. In Appendix C, we characterize the entire set of equilib-
ria. In particular, to find a precise characterization of the set of PBE, when
a4 (dA, ab ) € [0,1] we consider the expected value of terrorist sequential ra-
tional action, i.e. a* = % Then, we get the following result.

Proposition 3 The counter-terrorism game with full decentralization has the
following set of pure strateqy Perfect Bayesian equilibria that depend on each
country historical involvement in foreign intervention (1 — ) and on voters’
propensity towards securization policies (1 —~y):

1. When voters’ propensity towards securization policies is high (small-~y), for
any historical involvement in foreign intervention (1 — ) there is a PBE
such that it is sequentially rational to play uninformly strong defensive
policies, and terrorists may attack both countries;

2. When voters’ propensity towards securization policies is high/intermediate
(small/intermediate 7), for any historical involvement in foreign inter-
vention (1 — ) there is a PBE such that it is sequentially rational to
play strong defensive policies when active policies are not significant, and
terrorists attack the country when defensive policies are weak ;

3. When voters’ propensity towards securization policies increases with the
probability of historical involvement in foreign intervention, there are two
PBE such that it is sequentially rational for a country to play strong de-
fensive policies when active policies are not significant and for the other
country to play uniformly weak defensive policies, and terrorists attack the
country with weak defensive policies;

4. When voters’ propensity towards securization policies is low or intermedi-
ate, for any historical involvement in foreign intervention there is a PBE
such that it is sequentially rational to uniformly play weak defensive poli-
cies, and terrorists may attack both countries.

Let us stress that for many parameters’ values there are multiple equilibria,
as the following figure shows.

5.3 Perfect Bayesian Equilibria in Scenario 2 with Intelli-
gence Cooperation

For each government there are 4 possible information set and 2 actions for
each information set, i.e. 16 possible strategies, hence there are 256 possible
strategy profiles. Hence, it would be unfeasible to consider all these possibilities.
However, using the terrorists’ sequential rational choice as a function of their
possible beliefs as derived in Lemma 1, in Appendix D we are able to characterize
the entire set of PBE.
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Figure 10: The equilibrium outcomes with full decentralization

Proposition 4 The counter-terrorism game with intelligence cooperation has
the following set of pure strateqy Perfect Bayesian equilibria that does not depend
on each country historical involvement in foreign intervention (1 —x), but only
on voters’ propensity towards securization policies (1 — ):

1. When woters’ propensity towards securization policies is low (high ),
defensive policies are uniformly weak for both countries, and terrorists
may attack both countries;

2. When voters’ propensity towards securization policies is low/intermediate,
there are multiple equilibria: one equilibrium where defensive policies are
uniformly weak for both countries and terrorists may attack both countries,
and two equilibria where a country with weak active policy has strong de-
fensive policies and terrorists attack the country with low defensive policy;

3. When wvoters’ propensity towards securization policies is intermediate /low,
there are multiple equilibria: one equilibrium where defensive policies are
uniformly weak for both countries and terrorists may attack both countries,
and two equilibria where a country has strong defensive policies unless both
countries active policies are strong, and terrorists attack the country with
weak defensive policy;

4. When voters’ propensity towards securization policies is intermediate/high
there are multiple equilibria: one equilibrium where defensive policies are
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uniformly weak for both countries and terrorists may attack both countries,
and two equilibria where one of the country has strong defensive policies
notwithstanding the active policies and terrorists attack the country with
weak defensive policy;

. When wvoters’ propensity towards securization policies is high/intermediate,

there are multiple equilibria where one country defensive policies are uni-
formly strong and the other country has strong defensive policies only when
both countries have weak active policies and terrorists attack the country
with sometime weak defensive policies;

. When wvoters’ propensity towards securization policies is high, there are

multiple equilibria where one country defensive policies are uniformly strong
and the other country has strong defensive policies only when the other
country has weak active policies and terrorists attack the country with
sometime weak defensive policies;

. When wvoters’ propensity towards securization policies is very strong, de-

fensive policies are uniformly strong for both countries, and terrorists may
attack both countries.

Graphically, the situation is the following
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5.4 Perfect Bayesian Equilibria in Scenario 3 with Unan-
imous Policy Cooperation

As for scenario 2, there are 4 possible information set and 4 actions for each
information set, hence there are 256 possible strategy profiles. Hence, it would
be unfeasible to consider all these possibilities. However, using the terrorists’
sequential rational choice as a function of their possible beliefs as derived in
Lemma 1, in Appendix E we are able to characterize the entire set of PBE.

Proposition 5 The counter-terrorism game with unanimous policy coopera-
tion has the following set of pure strategy Perfect Bayesian equilibria that does
not depend on each country historical involvement in foreign intervention (1—m),
but only on voters’ propensity towards securization policies (1 —~):

1. When woters’ propensity towards securization policies is low (high ),
defensive policies are uniformly weak for both countries, and terrorists
may attack both countries;

2. When voters’ propensity towards securization policies is low/intermediate,
defensive policies are strong for both countries when both countries active
policies are weak, otherwise defensive policies are weak, and terrorists may
attack both countries;

3. When voters’ propensity towards securization policies is high/intermediate,
defensive policies are weak for both countries only when both countries
active policies are strong, otherwise both countries defensive policies are
strong, and terrorists may attack both countries;

4. When woters’ propensity towards securization policies is high, defensive
policies are uniformly strong for both countries, and terrorists may attack
both countries.

Graphically, the situation is the following

5.5 Remarks on the Equilibria in the Full Decentralization
Scenario

The comparison between the PBE and the efficient countries’ choices of the full
decentralized scenario is illustrated in the following figure.

Remarks 1 Three aspects are particular important:

1. in equilibrium, the countries will never exploit the advantage of having a
strong active policy using a strong defensive policy, which is the efficient
choice when the citizens evaluate quite significantly a defensive policy and
the probability of historical involvement in foreign intervention is strong,
i.e. when v and w are low intermediate;
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Figure 12: Equilibrium outcomes in a unanimous political union
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Figure 14: The inefficiency of defensive policies with intelligence cooperation

2. in equilibrium, the countries will invest too much and too often in defensive
policies, unless the citizens evaluate strongly a defensive policy and the
probability of historical involvement in foreign intervention is weak, i.e.
when v is low and w is high;

3. in equilibrium the efficient choices of avoiding defensive policies is the
unique equilibrium only when the citizens are not very interested in a de-
fensive policy and the probability of historical involvement in foreign inter-
vention is high, i.e. when 7y is high and 7 is low intermediate; otherwise
there are multiple equilibria with an excess spending in defensive policies
when there is no active counter-terrorism policy.

5.6 Remarks on the Equilibria in the Intelligence Coop-
eration Scenario

The comparison between the PBE and the efficient countries’ choices when there
is intelligence cooperation are illustrated in the following figure.
Remarks 2 Four aspects are particular important

1. As expected, both equilibrium and efficient choices do not depend on the
likelihood of having historical involvement in foreign intervention, since
there is full sharing of information between countries;
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Figure 15: The inefficiency of defensive policies with unanimous political union

2. when the citizens evaluate defensive policies very strongly (v very low) or
when they don’t evaluate very much defensive policies (v high), then the
countries’ equilibrium choices are efficient;

3. when the citizens evaluate defensive policies strongly (v low), then in equi-
librium there is surely an excess of defensive policies

4. when the citizens’ evaluation of defensive policies is intermediate (v in-
termediate), there is one efficient equilibrium, however there are also in-
efficient equilibria because of excessive defensive policies.

Summing up, the coordination of intelligence reduces the likelihood of inef-
ficient policies, however the possibility of inefficient excessive defensive policies
persists, in particular when they are significantly evaluated by the citizens.

5.7 Remarks on the Equilibria in the Unanimous Political
Union Scenario

The comparison between the PBE and the efficient countries’ choices in the
Political Union scenario are illustrated in the following figure.

Remarks 3 Four aspects are particular important
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1. As expected, both equilibrium and efficient choices do not depend on the
likelihood of having historical involvement in foreign intervention, since
between countries there is full sharing of information;

2. when the citizens evaluate defensive policies very significantly (v very low)
or when they don’t evaluate very much defensive policies (v high), then
the countries’ equilibrium choices are surely efficient, as in the scenario
of intelligence cooperation;

3. when the citizens’ evaluation of defensive policies is intermediate (v inter-
mediate), then the equilibria are inefficient because of excessive defensive
policies;

4. most importantly, the unanimous political union is less likely to be
efficient that the case of coordination of intelligence.

6 Conclusion

Our paper differs from the previous literature in several important aspects. It
emphasizes the role of past history in determining the involvement in active for-
eign antiterrorism, the backlash effects of such involvement, the importance of
democratic accountability in the choice of defensive policies and, crucially, the
relevance of the institutional scenarios to fix the possibility of policy cooperation
between countries and thus in inducing more or less efficient policies. Two as-
pects play a crucial role in the study of the (in)efficient defensive policy choices,
the citizens’ propensity towards securization policies and the institutional sce-
nario. We believe that the analysis of the effects of the citizens’ propensity
towards securization policies within the four institutional scenarios is quite in-
formative, even if the model is simple. In particular, we show that while the
best institutional setting to eliminate the consequences of negative externalities
is clearly a full political union and the worst case is the situation of full de-
centralization, from a mere efficiency point of view, political cooperation with
unanimity is worse than a simple intelligence coordination. This is partially sur-
prising, however it remind us of the second best principle and of the well known
fact that we cannot guarantee efficient outcomes in coordination games with
perfectly coinciding interestsE In this case, the situation is even more com-
plex because the countries’ interests are not perfectly aligned and any decision
should be taken unanimously. A further interesting feature of this model is that
inefficiency is usually more likely for intermediate values of voters’ propensity
towards securization policies. This means that the institutional scenario is less
crucial when voters are uniformously in favor or against securization policies,
while it matters mostly with voters’ fragmentation or in intermediate situations.

An obvious limitation of the analysis is the explicit functional form for play-
ers’ payoffs, however this approach is quite common in the literature]EI and al-

18See e.g. Cooper 2010.
19Gee e.g. Alesina and Spolaore 1997 and 2006, Alesina et al. 2000 and 2005.
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lows the explicit characterization of the set of the game’s equilibria. Besides this
methodological choice, many important aspects are missing from our analysis.
First of all, we think it is crucial to develop the analysis of alternative institu-
tional scenarios with a more detailed model of political cooperation. A second
important aspect is to consider the explicit choice of alternative active counter-
terrorism policies. Finally, our models abstract by assuming just two targeted
nations. We think it will be useful to generalize the model to n countries to
study the effects of changes in the number of member states on efficiency. More
generally, we believe that the integration between studies of security policies
with works on political unions is extremely promising.
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Part 1
Appendix

7 Appendix A: Calculation of Terrorists’ Sequen-
tial Rational Choices

To simplify notation, write a instead of a”. The terrorists’ rational choice in the
second stage does not depend on the first stage structure, only on the observed
(a4,dB) € {0,1} x {0,1}

max E pAa‘ (dA7 dB) pB [1 —a (dA7dB)] |dA dB —
a(@4dP)efo,1]  \ pA +pB+pAdt  pA+pB +pBdB ’

where the expectation depend on T beliefs on (pA,pB ) given the observation
(dA, dB ) .To simplify let we use the following notation:

pt = {(p* %) = (L] (" =0,d" =0)}
P = {(p* ") = 21| (" =0,d" = 0)}
p#0 = {(p* ") = (1,2)] (¢* =0,d" = 0)}
p20 = {(p* ") = (2,2)] (¢* =0,d" = 0)}
pH = w{(*p%) = (LD | (@ =1,d° = 0)}
P = {("p%) = 2,1 ] (@t =1,d° = 0)}
p0 = w{(p*p”%) = (1,2)] (¢! = 1,4 = 0)}
p20 = {(p* %) = (2,2)| (¢* = 1,47 = 0)}
g — M{(pA,pB) :(1,1)|(dA:0,dB:1)}
g2t — M{(pA,pB) :(2,1)|(dA:0,dB:1)}
g2l — M{(pA,PB) :(1,2)|(dA:0,dB:1)}
p22lon M{(pA,pB) —(2,2)] (dA —0,d8 = 01)}
g M{(pA,pB) :(1,1)|(dA:1,dB=1)}
g2 M{(pA,pB) :(271)|(dA:1,dB:1)}
p2 = L (pA pP) = (1,2)] (44 =1,d7 = 1)}
P2 = f(p* pP) = (2,2)] (@4 = 1,dP = 1)}

Then
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1. When (dA,dB)
a (3 _’_,u2,1|0,0 _ M1,2\0,0)
E —
(pA+p +pAdA> 6
E p? (1—a) _(=a) (=a)p!0 (1—a)p200
+pB+(pB+1)dB +1 2 6 6

thus
{1y > 10,0 > ;1,2(0,0
R(O7O) c [07 1] ,LLQ ,1]0,0 7u1 ,210,0
{0} p2110.0 < ,1,2(0,0

2. When (d*,d®) = (1,0)

A a (4p2110 _ 5,,1,211,0
E\ 3 z;aAA =<+ e £ )
pt+p” +pid

3 60

)'ul,2|1,0

pr+pP + (P +1)dP +1 2 6

thus

E( pB (l—aA) ) _ (1—a) (1*0)/12’1'1’0_’_(1*&

2,1/1,0 15452110410

. {1} 1 | > %
(170) S [O7 1] MQ,”I,O _ W
{0} 20 < 1wt 10

6

3. When (dA B)
E _2 a’u,271|0,0 B aﬂl,Q\O,l
pA -I— pB + pAdA 2 6 6
E (1 a ) (1 —a) B (1— a) p1101 +(1 _ ) gt
+pP + (P +1)dP +1 3 12 5

thus
14,2101 _19
R {1} ,u271|0’1 > HIQT
(0,1) € [0,1] p2rlor — MuwZ 210
12101 _q9

(0} p2ion < 110

4. when (d4,d?) = (1,1)

g #a \_a @t apti
pA + pB + pAdA 3 15 12
E p” (1-a?) _ (1-a) (1-a) p2 A1 N (1—a)pt2tt
pA+pP + (P +1)dP +1 3 12 Is

39



thus ) )
(1} 2 11,1~ ﬂ1,2\1,

ASE(1,1) e d [0,1] p2ltl = gl
{0} p2lhl < 121l

So, the terrorists sequential rational aF (dA, db ) choices depend on their
beliefs as follows:

Lemma 1 The terrorists’ sequential rational choices depend on their beliefs as
follows:

2,110,0 > ;,1,2]0,0

2131 R ﬁ Edjdig = Eo,o
pt 0 > 2= SR (A B 1y (d%,d”) =(1,0
Y jaon 5 awdbigg  then @R (d5dT) €0 gy g4l m) (01
s 2,1|1,1 15011 1 d4,dP) = (1,1
we 1, Z Ja ) { } ( ’ ) - ( )
,LL2’1|0’0 2 NLQ‘O,O {1} (dA7dB) _ (0,0)
. 2110 > 1547770410 1} (d*,dP) = (1,0
Zf 'uz’llo)l ; 14#1,2%61,1_10 then aSR (dA7dB) c {{:1{ (dA:dB) _ Eoilg
M2,1|1I < u1,125\1,1 {0} EdA7dB§ =(1,1)
M2,1|0,0 > ‘ul,Z\0,0 {1} (dA7dB _ (0’0)
Iu2,1|1,0 - 15“1,2\:04_10 SR (A B {1} (dA ng = (1,0)
. - 1 ) )
Py o < wedbigg then (AL AT) €9 g gy (o)1)
H2’1|1’_1 > u1,12?1,1 {1} (d*,dP) =(1,1)
21100 > ;1,200 (1} (d4,d%) = (0,0)
) 2,111,0 <« 1562110410 0 dA,dB = (1,0
Zf ’:2»”011 ; 14,‘1«1’21'%'1_10 then aSR (dA,dB) c %]J}r EdA,dB _ EO, 1;
LT > u1,125\1,1 {1} (d4,dP) =(1,1)
21100 < 11,2100 {0} (d*,d¥) = (0
, p2 o > 15220410 SR (1A B {1} dA’dB = (1’
¥ 01 5 Aty then @TR(ANAT) €0y g gy (o)
K = 15 A B
P2t > A {1} (d4,d”) = (1,
IMQ,HO,O S MLQ‘O,O {0} (dA,dB) _ (070)
21110 < 15221 0410 0} (d4,d%) = (1,0
]f Z2,1|0,1 ; 14#1’2%%'1*10 then aSR (dA,dB) c {{:1{ (dA7dB) _ E()? 1;
HQ,l\l,_l S Ml,lz‘rh,l {1} EdA,dB; =(1,1)
,LLQ’HO’O < ﬂ1,2\0,0 {0} dA dB _ (0 0)
’u271‘170 > 1512110410 SR /IA B {1} EdA7dB — (170)
9z < v Ay then @T(dNAT) €0 rgngalgm) — (o)1)
u2,1\1,_1 > #1’12?1’1 {1} (d*.dP) =(1,1)

40



If

If

If

If

If

If

If

If

If

21100 < ;1,200
2,11,0 ~ 15u'21:%410
p2 10 > 1op 7t 410
p2101 > 14pm21%1 10

= 15
2,1/1,1 1901,1
p2 b < g2l

2,1/0,0 ~ ﬂ1,2\0,0

I

2,111,0  15p"2M0410
L 1,0 < 1op " > 410

2,1/0,1  14p'?1%'—10
= 15
2,11,1 1,201,1
p2 bt > 2

2,110,0 > ;;1,2]0,0

I

2,111,0  15u>2"0410
L 1,0 < 15p " 410

v
2,10,1 ~ 14p*1%1—10

a |2 1\121 15011

Ja ’ S Ja ’

2,1/0,0 > M1,2\0,0

I

2,11,0 ~ 15u2210410

4
2,10,1 ~ 14p"21%' 10
K |2 1\1§1 112?1 1
‘LL 9 ) S l’(‘ ) )

2,1/0,0 1,2|0,0
200 < 12|

2,111,0 o 15u22M0410

121|%1
2,1/0,1 14p 2191 —10
|21\1<1 112?1 1
gt > el

2,1/0,0 ~ M1,2\0,0

I

2,111,0  15p22M0410
L 1,0 < 1op " 410

— 15
2,1|1,1 1,2]1,1
p2 b < g2l

2,1/0,0 < M1,2\0,0

1
2,111,0 ~ 15212410

pi0 > e
2,1/0,1 ~ 14pb2%1_1g

M2,1\1,1 < M1,2\1,1

2,1/0,0 1,2(0,0
p2 00 < gyt 2

7’
2,1]0,1 14p
ptot >

2,1|1,1 15011
/_L’ ) §M7 )

21100 < ,1,2/0,0

2,1/1,0 ~ 150210410
H < 14

2,1]0,1  14p*21%'_10
p2t01 < dp e 10

— 1
2.1]1,1 1,2]1,1
p2AI <

1 2]]6L 1
2,10,1  14p>" " —10

2,1[1,0 ~ 156210410
T a0

{0}
{1}
{1}
{0}

{1}
{0}
{0}
{1}
{1}
{0}
{1}
{0}

{1}
{1}
{0}
{0}

{o}

{0}
then o % (dA,dB) € 0!
{1}

{1}

s {0}
then a°F (dA,dB) S {0}
{0}

then o F (dA,dB) S {1}

then a°f (dA,dB) € {0}

then a7 (dA, dB) € {0}
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8 Appendix B: Efficient Choices and Countries’
Information

8.1 The Countries Efficient Choices with Private Informa-
tion

When there is full decentralization, o’ (pj , p_j) = pJ. The efficient outcome for

the government and the citizens of country j should consider this information

limitation, hence it is given by the choice §Fd (pJ ) that maximizes the prob-

ability of reelection for any sequential rational a®®. Then, the social welfare
function W to maximize is

W (dA,dB|pA,pB) =F [Pr{RA =0; 92,1404 :pA}]—I—E [Pr {RB =0;¢%,18|6" :pB}] x

am a(l—m) +d® 4 (1—a)rw +(1—a)(1—7r)]'

— |~gA
> {7 +p“‘—i—p’“al/‘—kl—~_p“‘+p“‘df“+2 pB+pBdB +1  pB+pBdB 42

Obviously the social welfare function depends also on the values of a, that are an-
ticipated as sequentially rational. Since the efficiency problem is symmetric in A
and B, the possible solution satisfy the restriction d¥ = (dE’A (pA) = d&.B (pB))

where

C 0 if p=1 0 if p =1 1 if p/ =1 1 if
E.j ) ) .
d (p])e{{()ifgﬂ=2’{lipr=2’{Oifp3=2’ 1 if
Therefore, the possible efficient solution may be
dE — (dE,A <pA) ’dE,B (pB)) c

c (0,0) if pP =1 (0,0) if pP =1 (1,1) if pf =
(0,0) if pPP=2 "1 (1,1) if pPP=2 " ( if p

that to simplify we will denote omitting the second column. Hence

JE — (dE,A (pA) _ BB (pB)) c

canmn {2 w ({ S e o ({ 092w ({ 5] 2 [ ({ 01

where
—aSR\g —aSB)(1—7
aSZR'“' + GSR(BI_T") + (1 D) ) + (1 3)(1 ) if (pA = lapB = 1)
aSB aSB(1—x 1—a”F)x 1-a®M)(1-m) .
W <{ (070) ) - 3 s (41 ) * E QSR; + E S}%;( ) lf (pA = 2’pB = 1)
SR a — l—a7)m 17a -
(0,0) T gy DTy it (pA =1,p8 =2)
s —a” )7 —a -
a,S;‘fr a”*(1—m) + (1 3 ) + (1 4)(1 ) if (pA = 27pB = 2)
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aSBr (1—m) (1_U‘SR)7T (1 SR)(l_Tr) 1 A
2 +a R + (2 SR)+ ( SR)( ) it (p
a Fr a”t(1—m) 1—a Tr 1a L i A
)-{ e
SR a —r —a ™ 1—a”")(1—7 .
a 7T+ (31 )+,Y+( 5 ) _|_( 6)( ) if (pA
SR —a®®)r —a®F)(1-m) .
e Y
aS®)\r oS (1—m .
y+ o g oo o (nefhn (2T
a’Fr aSf(1—m) (lfaSR)ﬂ- (1,0,513)(177() 1 A
): R T T S T v
aSBr (1—m) l1—a ™ l1-a 1—m . A
v+ 45 Sz : J(r sé‘) J(r SR)(4 ) if (p
SR aSF(1—m) 1—-a T 1—a 1-7 . A
+ + + it (p
3 4 3 4
aSEy a —r 1—a®F) 7 1—a®®)(1-7) .
7 S S oy 3SR) + sé‘) it
)_ B e Lt i L R
= _aSB\, _oSE — .
v+ GS;T( + a (41*77) +v+ (1 5SR) + (1 Sg)(l ) if (pA
aSEy aSB(1—n l1—a T l1—a (1—m) .
e g 2ilem oy (e (1) it (p*

Now we should consider the terrorists’ sequential rational choice a®*. From the
calculation of Appendix A, assuming Passive Updating (PU)

v

(1,1)
(1, 1)

>:

st i ph=1pP=1)
FrigmosEosiam it (h =257 = 1)
™ 1-7 m a (1-—7 A _ B _
§+T:_ a61_7—:_ 12 if (pA_lva_2)
T+ if (p*=2,p%=2)
it i (pt=1pP =1
_) gt i (pl=2p0 =1
Y+I+LT if (pr=1,pF =2
27+g+1T” if (pA:Q,pB:Q
2y + 5+ 17 i (pt=1p%=1
_) v i (pt=2p0 =1
R IR el (p? =1p5 =2)
s i (pt=2p"=2)
2y+5+ if (pA=1,p%=1)
2+ 5 - - i (ph =27 = 1)
s 1—7 2a* T a*(1-m) : A __ B __
N+ FA A A i (R =1p7 =2)
27+ 5+ 5 it (pt=2p"=2)
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e (&))<=l ({BR)] == G+ 555 <
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Hence, we can conclude with the following lemma.

Lemma 2 When there is private information, the countries efficient defensive
policies are

1- 1- 1- ; 1 if p=1
WE{O’W(ZJF GW)Hl_ﬂ(ﬂﬁ 127T>_(76T+ 8W)]®dEJ(pA):{1 z;z]fj:Q

c . E+1—7T +(1_7T) 14_1—71' _ E+1—7r . 31+1—ﬂ +1+1—7r -
7 4 6 10 12 6 8 ’ 20 12 15 24




8.2 The Countries Efficient Choices with Common Infor-
mation

When there is common information, o7 (pj ,pI ) = (p7, p~I ) . The efficient out-
come for the government and the citizens of country j should consider this
information, hence it is given by the choice §Fd (pA,pB ) that maximizes the
probability of reelection for any sequential rational a®®. Then, the social welfare
function W to maximize is

W=F [Pr {RA =0; 94,140 = pA,pB}]—i—E [Pr {RB =0;9%,18|08 = pA7pB}] x
a (1-a)
a8
pA<i,pB4,1»).4dA—i_’y +pA+pB+deB
Then the efficient choices are the solution of the following minimization problem

x — |yd? +

d” = (dE’A (PA pB) i (pA pB)) € arg min ydA + L + »ydB 4 ﬂ
) ) ) pA + pB + pAdA pA 4 pB +pBdB [

Since the efficiency problem is symmetric in A and B, the possible efficient
solution are

' a® = (%4 (p") > (p”) [ (1,1)) € {(0,0),(1,1)}
2.

d® = (a®4 (p*),a®F (p7) 1(2,1)) € {(0,0),(1,0) (0,1), (1, 1)}
3.

d® = (a®4 (p*), % (p7) 1(1,2)) € {(0,0),(0,1) (1,0), (1, 1)}
4.

¥ = (a%4 (p) P (p7) | (2,2)) € {(0,0),(1,1)}.
where to simplify we omitted the second column. Thus
1. when (p*=1,p% =1), then W (0,0) =1 & W (1,1) =2y + 1 hence

(0,0) if ve

W (0,0) < W (1,1) & §7:>5E(1,1):{ (11) if 7 e

1
u’ﬂ
0, 15

2. when (pA =2,p% =1), then W (0,0) =+ & W(1,1) =2y + 1 - &,
W(l,O)zv—i—%—Qfg, W(O,l)zv—i—i—k%. Supposea*:%, then
W (1,0) < W (0,1) & 0 <~, W(0,0) <W(1,0) & {5 <5, W(0,0) <
W (1,0) & £ <~, W(1,0) <W(1,1) & 5; <7 so that

(0,0) if ye [£.1]
E
§F(2,1) =4 (1,0) if v € [5, 5]
(1,1) if yve€ O,i]



3. when (pA:LpB*:Q), then W (0,0) :ﬁ, W(l,1) =2y+ L+ %,
Y+ 3—4%, W(0,1) =+ 1+ 2% To simplify suppose a* = 3,
1
D<W(L0)e0<y & W(0,00<W(0,1) & L+ <y &
W (0,1) < W (1,1) & 7 <7 so that

(0,0) if ye [£.1]
6% (1,2) =< (0,1) if v€ [5, %]

1,1 i L
4. when (p* =2,p% =2), then W (0,0) = § & W (1,1) =2y + ¢ hence
(1,1) & 57 < so that

5E (171) _{ ((ia(l)) lf Y € [24711]

Hence, we can conclude with the following lemma.

Lemma 3 When there is common information, the countries efficient policies
are

1.

[S+}

i
Sy}
— N
|
A~ N S

S

B s o
[S+}

S
S
o

1
0, — df =
76[724};»
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9 Appendix C: Perfect Bayesian Equilibria with
Full Decentralization

Let we distinguish four possible kind of PBE:
1. A and B separating, with four possible strategy profiles
2. A separating and B pooling, with four possible strategy profiles
3. A pooling and B separating, with four possible strategy profiles
4. A and B pooling, with four possible strategy profiles.
Hence, totally there are sixteen possible strategy profiles. To model out-of

equilibrium beliefs, we assume Passive Updating (PU).

1. A and B separating

Case 1.1
PO= 1 it pt=2 ™ PI=01 i pP =2
A _ (A:HdA): 1 ifdd=0 and 1B — (B:1|dB): 1 ifdB =
: AP 0 if dd=1 H nAp 0 if dF —

e when (dA =0,d8 = 0), then

A B

pa p” (1 —a) a (I-a) 1 _ a4 B

F|l——m——— Fl——m— 2 — | = — = - = d*=0.d° =0 0,1
<PA+pB+pAdA>+ (pA+pB+deB) 5t 3 o ’ Jebu

e when (d =0,d% = 1 , then

(1—-a) a 2(1-a) 6-—a Al B
E =z = =a* (d*=0,d°=1) =0
(p +pP +pAd ) (p +pP +deB) 37 5 5o ’ )

e when (d =1,d% =0), then

(I1-a) 2¢ (1—a) a+5 “A /A B
(p +pB +pAd > (p +pB +deB) 573 5 ( )

e when (d =1, dB = 1 , then

:géa*A(dAzl,dB:I) €[0,1]

wl e
+
w

(1-a)
E —
<p +pB +pAdA> (p +pB +deB)

To conclude

[0,1] if EdAzo,deo
*A A B {0} if dA = 07 dB =1
AL €0 Y i (a4 = 1.8 = 0)
[0,1] if (¢*=1,d% =1)
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First stage: the governments’ rational choices

0 if pA=1 0 if
5A(pA)—{1 ;ng:2 and 5B(pB)—{ P

[0,1] if (d*=0,d2=0
A /A B {0} if (d*=0,d%=1
(@d%) €Y {1} i (a4 = 1,47 = 0)
[0,1] if (d4=1,d%=1)

are part of a PBE if and only if

* A * A
(7d*A+W)W—(7dA+W) 177T)> ipr_l
*A
>_(’7d +w) (’Yd + A+2+pAdA)
* A *A *A
‘(Vd t A ”—(Vd W>(1_ﬂ> £ A =2
* A -
> — (1 + pran ) m = (V0 + g ) (L)
* 1—a * l1—a
(7d T+ B+1+p5d*3)7r_ (7d 7+ B+2+de*B) 1-m)= if pB=1
= (7d +w) (Vd +W)(1_”)
*B *B 1
( d B+1+de*B)7T_ vd B+2+de*B) (1-m) " pB _s
> — (’}/d er)ﬂ*(’yd er)(lfﬂ')
which are impossible because the four restrictions are mutually inconsistent.
Case 1.2
A4y J O if pr=1 B, p_ J 1 if pP=1
509)_{1 it prop W OTT) =0 iy
1 ifd*=0 0 ifd?P=
uAu(PAldA){ 0 it ghoq and wP=p@P=1d") =1 L
e when (dA =0,dP = 0), then
A B
pa p°(1—a) 2—a %A (A B
E(\——FFF— |+E = = d* =0,d 0)=0
<pA 1B +pAdA>+ (pA 1B +deB) 3 ™ ( g )
e when (dA =0,d8 = 1), then
A B
pa p°(1—a) a+?2 «A (A B
E(\—F——F——F= |+F = = d” =0,d 1)=1
<pA B +pAdA>+ (pA T pB +deB) 6 ™ ( ' )
e when (d =1,d8 = 0) then
(1—-a) 3—a A aA B
E = =a" (d* =1,d 0)=0
(p +pP +pAdA> (p +pB +deB) 6 ( )
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e when (dA =1,d8 = 1), then
A B
pta (1-a) 3a+5 YA 1A B
———— |+F = = d*=1,d>=1)=1
(pA TP +pAdA>+ (pA NgNE _|_de3) 20 a* ( ’ )
To conclude
{0} if (d*=0,d8=0
A A B ‘{1} lf (dA == O,dB == 1
(@%d%) €9 {0} i (at=1.d% =0
{1} if (d*=1,d%=1)
First stage: the governments’ rational choices
A Ay [0 if pr=1 B,y J 1 if pP=1
5(29)—{1 if pA =2 and 07 (p”) = 0 if pB=2
{0} if (d*=0,d%=0)
A /A B {1} if (d*=0,d8=1
(@ d%) €9 {01 it (ah =14 =0
{1} if (d*=1,d%=1)
are part of a PBE if and only if
* A a4 *A a*?
_(Vd +W)W—(W W)(l—”)> it A =1
a*A
> — (PYdA + pA_;'_l_;'_pAdf‘T) (7d + A+2+pAdA>
* a*4 *
—(Vd’“rm —( 4 + w)(l—ﬂ)z £ pA— 2
a*A
> — (14" + A (Vd + A+z+pAdA) (1-m)
* =A *
(7d B4 B_;'_ll_prd*B) T = (7d B4+ B_;'_12_:Lde*B) ]- - 7T " pB 1
>~ (v0” + gt ) m = (v0° + gt ) (1= m)
* —a*4 * a
(Vd Bt ot ) 7= (vd B+W) (1-m)= it pB =2
L =
> — (1 + i ) ™= (147 + g ) (1-7)
which are impossible because the four restrictions are mutually inconsistent.
Case 1.3
A Ay 1 if pA=1 B/ B\ _ 0 if pP=1
‘5(7’)_{01pr g TP =] g ey
0 ifd*=0 1 ifd?=0
ﬂA:N(PA*HdA) { 1 if dA =1 and p” N(PB:”dB) { 0 if dB =1
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e when (dA =0,d8 = 0), then

A B _
E( pa >+E( p (1 a) ):a+1:>a*A(dA:07dB:0):1

pA _|_pB _|_pAdA pA +pB +deB 3

e when (dA =0,d° = 1), then

A B (11—
E<pa >+E( p-(1-a) )aJFQéa*A(dAO,dBl)l

pA _|_pB +pAdA pA +pB +deB 6

e when (dA =1,d8 = O), then

A B

pa p” (1—a) 3—a %A (A B

E E = = o (A4 =1,d% =0) =0
<pA+pB+pAdA>+ (pA+pB—|—deB> a ( ’ )

e when (dA =1,d8 = 1), then

A B

pa p”(1—a) 8 —3a *A (A B

E(——2% __)+E - S a A (dA =1,d% =1) =0
<pA+pB+pAdA>+ (pA+pB+deB) a ( ’ )

To conclude

{1} if (d*=0,d% =0)
“A (A B {1} if (d*=0,d%=1)
" (d%d%) €t i (d4 =1,d% =0
{o} if (d4=1,d%=1
First stage: the governments’ rational choices
Apay_ [ 1 if pt=1 B, m [0 if pP=1
0% (p )_{ 0 if prog nd?o (p )_{1 if pP =2
{1} if (d*=0,d% =0)
“A (1A B {1} if (d*=0,d%=1)
(A7) € w0y e (@A = 1.4 0
{o}
{o} if (¢*=1,d%=1)

are part of a PBE if and only if

*A « * A
_(7d*A+Mw)W—(’ydA+Mw>(l—ﬂ)z
*A * A
2_(7‘1A+MW)”—(WA+W)(1—W)
wA *A
(1 it ) 1 (00 Gt ) (- ) 2

* A * A
> — (1 4 gt ) 7~ (V04 pran ) (1)

A:1

if pA =2
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* A

(7d*B B+1+de*B)7T_( d*B+15_:+W) (1_7T)2 ” pB—l
* A *A
z - (7d +w) (Vd +w)(1—ﬂ)
a*A
(’YdB B+1+de*B T — (yd*B m)(l_W)Z it B =2
* A -
> — (v? + ks ) 7= (147 + kg ) (1= )
which are impossible.
Case 1.4
Ay [ 1 if pA B, p [ 1 if pP=1
6(p)_{0ipr 2 andé(p)_{Oif B _ 9
A A 0 ifd*= B B .8 |0 ifdP=0
= p(pt =1d%) {1 i ga—g ad W =pt=1d%) =00 g sy
e when (dA:O7dB:0),then
e \ig M —1:>a*‘4(d 0.dB 0) € [0,1]
pA _|_pB _|_pAdA pA +pB +deB - 2 - ’
e when (dA:0,dB:1),then
A B
pta (1-a) 5a + 3 YA 1A B
— = __|+FE = d” =0,d 1)=1
<pA +p” +pAdA>+ (pA +pP +deB) 12 ( )
e when (dAzl,dB:O),then
A B
pa (17(1) 8 — ba %A A B
= = d*=1,d°>=0)=0
<p"‘+1>B+p"‘d“‘>+ (pA+pB+deB) o ’ )
e when (dA:LdB:I),then
A B
pa (l_a) 1 * A B
S S P [ d*=1,d 0,1
<pA+pB+pAdA>+ (pA+pB+deB) 3 7 ¢ ( ) €0,1]

To conclude

a* (a*,dP) e

[0,1]
{1}

[0,1]

if (d*=0,d%=0)
if (d*=0,d%=1)
if (a4 =1,d%=0)
if (d*=1,d%=1)

o1



First stage: the governments’ rational choices

1if pA=1 1 if
6A(pA):{O ;fZA:2 and 6B(pB):{ P

[0,1] if (d¢*=0,d% =0)
A (A B {1} if dAZO,dB=1
(@ d%) €0 o1 i (a4 =147 =0
[0,1] if (d*=1,d° =1

are part of a PBE if and only if

* A a*4 * A a*4
*(Vd *W)ﬂ*(ﬂ +w>(lfﬂ)2 £ pd—1
A *A
2_(7‘1 +W) (7d + A+2+pAdA)
_(Vd*A+W m— ’Yd*A‘l‘W (1_7T)> ¢ 9
if pd =
> — (1 + e ) m - (v + A+2+pAdA) (1—m)
*B 1—a*# *B
> — (ya” +W)”—(7d +W)(1—W)
*B 1—a*# *B
*(’Yd R s W*( d B+2+de*B) (I-m) > it pP =2
A =
> — (14 + iz ) 7« — (7" +W)(1—W>
which for any 7 € (0,1) and a*4 € [0, 1] are possible when
c 1 Jra* 9a* 1 +a* 2a* ﬂ
STt — — T, =T+ — — 7
7 37 "4 202" T3 3
A 7 +1 a*  9a* 1 +a* +1
ez _ % Saad a2
60" "4 4 20" 6 3773
2. A separating and B pooling
Case 2.1
A/ A 0 if p B/ B 0 if pP =1
0 (p):{1 if pt—ng 49 (p):{o if pP =

e when (dA =0,dP = O), then

A B(1-— 2 4—9q—
E(p“ >+E( p (1-a) ): GMEE 2T L oA (4 = 0,d°

pA +pB +pAdA pA +pB +deB 6
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e when (dA =0,d8 = 1), then
A B _
B pa N ) _
pA _|_pB _|_pAdA pA _|_pB +deB

_< 30 )a—l— 30 =a (d =0,d —1)—{0 -

IN IV

e when (dAzl,dB:O),then

A B

pa p” (1 —a) (7w —5)a 15— 57 “A 1 7

E\ —4w—F%—57|+F = = 1,0) =
<pA—FpB—H)f“alf“>jL (pA+pB+deB) 30 T 30 " (1,0) 0 =
e when (dA:Ldel),then
A B (11—
E(A pta AA>+E<AP( a) ):
pA +pP +pid pA +pP +pPdP
2ar  a(l—m)

B (I—-a)m (1—a)(1—-m)
B A T 3

= a1 (1,0) =1

To conclude

oifﬂG[O,%]
{0} if (d*=0,d®=0
“A (1A B {0} if (d*=0,dP =1
LT €3 ) i (a4 = 1.a® = 0)
{1} if (¢*=1,d% =1)

«ifme (23]
{0} if (d*=0,d%=0)
“A (1A B {1} if (d*=0,d8=1
LA €9 oy i (= 1.df =0
{1} if (d*=1,d%=1)

o if T e [%,1]

Il
_ O = O

~—— N ——

{0} if (d*=0,d"

: A __ B

@ty e | (I =0
{1} if

a
=
I
“)—‘
au
w
I

.
=
|
u)—‘
=y
w
I

First stage: the governments’ rational choices
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Case 7 € [0, %]

if pt =
{o} if (d*=0,d" = %
i A _ B _
fatan)ed )i a2 o)
{1} if (d*=1,d%=1)

are part of a PBE if and only if

“A *A * A
= (2 + gt ) m = (10 + g ) (L= m) 2 it pA =1
A
>—(vd —I—W) (Wi + A+2+pAdA> (1—m)
* A xA * A
(’Vd + pAaA ”*(Vd +W)(17ﬂ2 if pA=2
>_(7d +W)W—(’yd + A+2+pAdA) 1—7T
— (v + = V1 — (yd*B o+ (1—m)
pP+1+pBd* B B+2+de* - if pB =1
_*A o
> —(7d” + Bi%,)sd}s)ﬂ—(w +W) (1_”)
* B 1—a *B
—(vd +W m — d B+2+p3d*B> 1—7‘(‘ 1f p —9
* A
>~ (1 + ki ) w (07 +W>(1_F)

which for any 7 € [0, 7] and a*4 € [0,1] is impossible.

Case 7 € [%, %}

{0} if (d*=0,d%=0

A (A B {1} if (d*=0,d" =

(@%d%) €3 Joy i (a4 =1.d% = 0)
{1} if (d*=1,d%=1)

are part of a PBE if and only if

* A

> — (104 + riargr ) 7 — (104 + e ) (1= 7)
_(7d*A+$:Ad*A W_(Wd*Aer)@—w)z oAy
>—(7d +W)F—(7d’4+ﬁ (1—m) P

o4



oA
(7d*B B_;’_l_;’_de*B) ™= ( d*B + W) (1 - 7T) > i B
«A *A i p- =
z - (7d +w) (Vd +w)(1—ﬂ)
~d*B + — (yd B+ =t ) (1 —7) >
B+1+de*B ™ Y pBi2+pBd"B T) 2 i pB—2
* A -
> — (148 + kit ) 7 — (147 + prdsie ) 1)
which for any 7 € [7, 7] and a*4 € [0,1] is impossible.
5
Casewe[%l]
A/ Ay J O ifp 1 B, By _ ) 0 if p¥ =1
5(p)_{11pr 2 andé(p)_{Oipr—Q
{o} if (¢*=0,d% =0)
A{ A B {1} if (d*=0,d%=1)
(@hd%) e q a3 (d4 =1,d5 =0
{1}y if (d*=1,d%=1
are part of a PBE if and only if
* A a4 *A a*4
*A -
> - ’YdA+$pAdA) (7d + A+2+pAdA> (1-m)
* A *A * A
(d +W W—(d +w (].—7T > " pA:2
> — (’Yd +m) ('Yd + A+2+pAdA) (1-m)
*A
—(’yd*Bﬂ‘pB_i_ll__i_W)’ﬂ'—( d*B B+2+p5d*5) 1_7T jl f B 1
_arA i p- =
2—(7"B+psilw) (Vd +W)(1_W)
*® A
_(’Yd*B_FZ)BJ’};FW F—(’Yd*B_‘_W) 1—7T')Z ¢ B
A «A i p- =
> — (1 + gt ) © — (148 + izt ) (1- )
which for any 7 € [?, 1] and a** € [0,1] is impossible.
Case 2.2
A4y 1 if pr=1 BB_Olfp =1
5(79)_{01pr:2 and 07 (") = g pE o

A_ (A _qqay_ J 0 ifd*=0 B B _ .8 | ™ ifd?=0
pt=p(p 1d){1 g ogh_q and p =pun(p 1|d){7T g B —1

e when (dA =0,d8 = 0), then

A B _ _
B Yap( O Y M g gy

pA _|_pB _|_pAdA pA +pB _|_de3 6

%)



e when (dA =0,d8 = 1), then

A B

pia p” (1 —a) 3ar+2a+4—7 YA 1A B

E\ G5 x| tE = =a?(d*=0d°=1)=1
<pA +pP” er"‘d“>+ (pA +pP +deB) 12 a ’ )

e when (dA =1,d8 = 0), then

A B
pia p” (1 —a) 3am — 5a — 2w + 8 “A [ A B
B\ 5 aa)tE = =a?(d*=1,d°=0)=0
<pA +pP? er"‘d“>+ (pA +pP +deB) 12 ! ’ )

e when (d =1,d8 = 1 , then

(1—a) 9am — 9a + 24 — 4~ A /A B
b = =a(d*=1,d° =1) =0
<p +pB +pAdA> (p +pP +deB) 60 ( )

To conclude

{1} if (d*=0,d% =0)
A {4 B {1} if (d*=0,d% =1
(@hd%) €9 11 i (44 =1.a5 =0
{0} if (d*=1,d%=1)

First stage: the governments’ rational choices

A e B _
5A(pA):{1 %fp =1 and 5B(pB):{0 1f§ :1

0 if pA=2 0 if pB =2
{1} if (d*=0,d% =
A (A B {1} if (d*=0,d8 =
(@%d%) €4 fo1 i (d4 =1,d5 =
{o} if (¢*=1,d%=1)

are part of a PBE if and only if

* A a4
* A
> — (1" + g ) ™ (Wi + A+2+pAdA> (1 =m)
* A a4t *
= (104 + gt ) 7 = (1 4 ) - 2L
& -
2 = (1" + et ) 7= (004 + prgar) (- )
* A
*(Vd*B+B+1+de*B)Tri( d*B B+2+PBd*B) 177‘( - if pB 1
«A 1 p- =
>—(7d +w) (Vd +w)(1—ﬂ)
*® A
—( d*B + BJ:%W)F_ ’Yd*B B+12pr3d*3> (1—m) i pB —9
xA n p- =
> — (44 + gt ) 7 — (vd” +;7Bi2%>(1*77)

which are possible when
e l(ZNr (2
5y )™\ 6™
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Case 2.3
0

54 (p?) :{ .

pt = p(p* = 1]d") ={

if pA=1 B, p [ 1 if pP=1
it proo A T =0 ey
1 ifd*=0 B B B m
0 if ar—1 T =pl=1d") =10

e when (dA =0,d" = 0), then

pia

<p"‘ +pP +pAd4

e when (dA =0,d8 =

pia

(pA +pP +phdt

e when (d =1, dB =

E
<p + pB +pAdA> (

1),

)+E

e when (dA =1,d8 =

pia

Fl—mm
<pA +pP +pAdt

To conclude

e if e |0,2]

a* (d*,dP) €

cifre (22

a* (d*,dP) €

o if e [%,1]

a* (d*,dP) €

0

)+E

1),

)+E

B(1—a)

then

(
(p"‘ +pP +pBadP

B(1—-a)

) —2a+2ar+4—7
B 6

, then

(
(p“‘ +pP +pBdP

B(1—a)

):

30

(Tm—2)a+12 — 27
=

(T —5)a+ 15— br
=

then

pA +pP +pPdP

B(1—a)

)_

30

{0}
{0}
{0}
{1}

{0}
{1}
{0}
{1}

{0}
{1}
{1}
{1}

57

(
(p"‘ +pP +pBdP

if
if
if
if

if
if
if
if

if
if
if
if

~ 9am — 57+ 20 N

B 60
(d* =0,d® =0)
(a4 =0,d% =1)
d4=1,d8=0
d4=1,d8 =1
(¢ =0,d5 =0
d*=0,d% =1
dt=1,d% =0
(d*=1,d8 =1)
(d* =0,d% =0)
(d*=0,d5 =1)
(d*=1,d% =0)
(¢t =1,dP =1)

ifd® =0
if df =1
a*A (dA:

a*A (dA _ ].,dB

0,d?

a*A (dA _ 07dB

a*A (dA _ 17dB

1) =1



First stage: the governments’ rational choices

Case 7 € [0, %]

0 if pA 1 if pP=1
5A(1’A)_{1 1f§f4 p and 5B(pB)_{1 1fp3—2
{0} if (d*=0,d8 =
A A B {0} lf (dAZO,dB:
(@%d%) €0 {0} i (a4 =1.d7 =0
{1} if (d*=1,d%=1)

are part of a PBE if and only if

* A

(,Yd*A+W)7T_(,Yd*A W) (1—7r ) > £ A1
> = (vd + m) (vd + A+2+pAdA)

_ (Vd*A+m . (,yd*A W) (1—7r >,
2_(7dA+m) (vd + A+2+pAdA) (1—m) .
(Vd*B + B+1+;gdB) T ( U B+2+de*B> (1-m) = if pB =1
> - (7d +W) (Vd +W)(1_7T) -
('yd*B—Fﬁp;‘d*B 7 — (yd*B + B+2+de*B) (1—m) i P =9
> — (’yd +w)w—(vd +w)(1—w) a

which for any 7 € [0, 2] and a** € [0,1] is impossible.

Case 7 € [% %}

6A(pA):{ (1) i ij 5 and 53(}?3):{ } i ziié
{oy if (d;‘ = o,di =0)
My ed i (v o)
{1} if (d*=1,dB = 1%
are part of a PBE if and only
—(7d*A+$:Ad*A)7r—(’Yd*Aﬂ-m)(l_ﬂ)Z o1

*A * A
> — 'Yd +W)T"_ (’YdA‘Fm (1_77)
* A A * A *
- (’Yd + 4pA+1a+pAd*A T — | yd™* + pA+2a+pAd*A (1 - 7T') > . A

* A * A
> — (1 4 Gt ) 7~ (V04 + ) (1)
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* A
(’Yd*B B+1+de*B)7T_ ( d*? + B+l+p5d5) (1-m) = 4B —1
*A *A i p- =
Z - (7d +w) (Vd +w) (1—m)
~d*B + —(yd*B + —=a N (1 7) >
B+1+de*B ™ Y + pBi2+pBd"B ( ) > ” pB _9
7(1*A -
> — (1 + it ) 7~ (147 + prigtegn ) (1)

which for any 7 € [2, 2] and a*# € [0,1] is impossible.

7T

Case 7 € [%, 1]

if p
{0} if (dﬁ =0,d? =0)
i =0,d% =
taranyed BRIV )
{1} if (¢*=1,d% = 1%

are part of a PBE if and only if

—(vd*“+m)ﬂ—(d*‘4 W:Aw)(l S
> — ’YdA‘i‘iA_"_lll::;AdA) (’yd + A+2+pAdA> (I—m) g
(d*A+T2Ad*A W—(d*AJFw (1=m)= it pA =2
2 - (’Yd +m) (’Yd + A+2+pAdA) (1—m)
>~ (17 + i ) m (Vd +W)“‘”) T

~ (17 + gt ) 7~ (0" + G ) (L) > £ pB=
>~ (i + gl ) 7 - (07 4 gt ) - T

which for any 7 € [?, 1] and a** € [0,1] is impossible.
Case 2.4
A4y [ 1 if pr=1 BB_llfp =1
‘5(1’)‘{01pr22 and 3% (p7) = | i pB o
A (A gAY _ i = B B _ .8 | m ifd?=0
pt=p(p 1d){1 g ogh_q and p =pu(p” =1|d ){7T g B —1

e when (dA =0,df = 0), then
A B
pa p”(1—a) 2am +3 -7 *A (A B
o) P A - A (dh =0,d
(pA +pP +pAdA>+ (pA +p¥ +deB) 6 !
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e when (dA =0,d8 = 1), then

e when (dA =1,d° = 0), then

A B(1— 3 20+ 4 —
g ];a ViE Ap (B aJ)BB _ am + 2a + 7r:>
p2 4+ pP 4+ pid p4 + pB 4+ pBd 12

a (d*=0,d% =1) =1

A 51— 3ar — 5 8—2
Bl — I;a i |t Ap (B G;B == o 7T2>
p2 4+ pP 4+ pid p4 + pB 4+ pBd 12

e when (dA =1,d% = 1), then

9am — 9a + 24 — 4w
=

at (d*=1,d%=0)=0

A Bl—
E(A ];aAA>+E(Ap(B G;B):
p? +pP +pid p? +pP +phd

are part of a PBE if and only if

_(’Yd*AﬁLm)ﬂ—( JHA
> — (vdA + %) (*yd
_ (,Yd*A n m 7 — (vd A +
> — ('ydA + ﬁ) (’yd
(,Yd*B W) . (,Yd*B

*A
> — ('YdB Bil_?_deB) ™= (’7d
) T — ’7d*B

"

/N

*B l1—a
’yd + B+1+de*B

A
> = (’Yd + B+1+pB7dB)

which are impossible.

*A

+ A+2+pAdA) 1_77
+ A+2+pAdA> (1 =)
B+2+de* ) (1 —m)

+ gt (1—77)

l1—a
B+2+p8d*B) 1_7T

+ gt (1—”)
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a* (d*=1,d% =1) =0

60
To conclude
{1} if (d*=0,d% =0)
A(dA dB)E {1} lf (dA:O,del
’ {o} if (d*=1,d8=0
{0} if (@A=1,dP =1
First stage: the governments’ rational choices
A A\ 1 f 1 B B\ __ if pB =1
54 ( )_{O TP =1 and o7 ( )_{1 .
{1} if (d*=0,d% =0)
A A B {1} lf (dA = O,dB =
(@%d%) €0 fo} i (a4 =1.d7 =0
{0} if (dA=1,dP =1

if pA=1
if pA=2
if pP=1
if pBP =2



3. A pooling and B separating Being the game symmetric, we get exactly
the same conclusion of the previous paragraph.

4. A and B pooling

Case 4.1

_ar? anr(l—m)  2a(l—m)7  a(l—m)

2 3 3 5
l-a)r 2(01-a)r(l-7) (Q1-a)(l-mr (1—a)(1-7)°
M 3 * 3 2 -

2
(1—a)7r2+2(1—a)7r(1—7r)+(1—a)511—7r)7r+(1—a)§1—7r) N
=a (d*=0,d°=1) =1

e when (dA =1,d8 = 0), then

A B(1—
E(A ZJ)BCLAA>+E<AP ) >:
pA +pP +pid pA +pP +pPdP
ar? ar(l—n) 2a(1—m)7 a(l—n)
-3 a1 ¢ 5 L
(1—2CL)7T2+2(1—a)37T(1—71')+(1—a)(31—7T)7T+(1—(L)§1—7T)2:>

=a* (d" =1,d" =0) =0

+
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To conclude

[0,1] if (d*=0,d% =0)

i A _ B _
tanamyed BTy
[0,1] if (d*=1,d" = 13

First stage: the governments’ rational choices

0 if pA=1 0 if p
5A(pA)—{O if pA =2 and 5B(pB)—{ .
[0,1] if (
A (1A B {1} if (@*=0,d% =
(@d5) €y 1or i o
[0,1] if (
are part of a PBE if and only if

which are possible when

* A *A * A
_(Vd *MW)W—(CZ +W>(1—”)> i =
A * A -
= (’Yd + MW) (7‘1 + A+2+pAdA> (1-m)
A * A
o =
2—(7dA+W>w—(fyd + A+2+pAdA) 1—m)
*B 1—a*4 *B 1
B (7d * m) T (7‘1 B+2fp3d*3> it pP =1
%A B
> — (1 + i ) 7 — (74" +W 1*”)
(7d*B B 1—a*2 5| T — ('Yd*B PF B B) ]- - 7T
Bp +1+f d*A . +2+p d = if pB —9
>~ (vd? + pdim ) 7~ (vd +W)(1‘”)

ve [(a;A>7r+ (G;A> (1—w),1}m{<1_2am>w+ <1_3G*A) (1—@,1].
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W

A

Case 4.2

if d4 =0
e e e R T e R

e when (dA =0,d8 = 0), then

A B (11—
E(A ZJ)E;aAA>+E<Ap(B a1)33>:
pt +pP +pid pA + pB + pBd

2

ar® ar(l—m) 2a(1—-m)7 a(l—m)
2 * 3 + 3 + 2

(1-a)7? 2(0—-a)r(1-n) (I-a)Q-m7r (1—a)(l—7)
2 + 3 + 3 + 2

= a* (d* =0,d% =0) € [0, 1]

e when (dA =0,d8 = 1), then

A B(1—
E(A ])BaAA)+E<Ap(JB a1)33>:
p? +pP +pid p? +p® +pPd
ar® ar(l—m) 2a(l—m)7 a(l—ﬂ)2
F 3 + 3 * 2
(1—a)7r2+2(1—a)7r(1—7r)+(1—a)(1—7r)77+(1—a)(1—7r)2
3 5 4 3
=a* (d*=0,d°=1) =1

+

e when (dA =1,d° = 0), then

A B (11—
E(A };a AA>+E<AP (B a1)3 B>
pA +pP +pid p? +pP +pPd
ar?® ar(l—7m) 2a(l—-m)7 a(l—7)
B 5 L T
Jr(1—(1)7r2Jr2(1—a)7r(1—7r)Jr(l—a)(l—7r)7r+(1—(1)(1—7r)2
2 3 3 2
=a* (d*=0,d°=1) =0
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e when (dA =1,d8 = 1), then

A B (11—
E(A sz’aAA>+E<Ap(B a233>:
p? +pP +pid p*+pP +pPd
ar® ar(l—7m) 2a(l—m)7 a(l—7)
3T F 5 T3

(1—a)7r2+2(1—a)7r(1—7r)+(1—a)(1 7T)7T+(1—(L)(1—7T)2 N

3 5 4 3

To conclude

[0,1] if (d*=0,d% =0)
*j A 1B {1} lf dA - O,dB - 1)
a? (@5 A7) €9 11 i (ah = 1.dP = 0
[0,1] if (d*=1,d° =1

First stage: the governments’ rational choices

0 if pA=1 1 if pP =
6A(pA):{O if pA =2 and 53(203):{1 if pB =2

[0,1] if (d¢*=0,d" =0)
i (JA 1B {1} if (@*=0,dP=1)
(AL AT) €9 ror i (ah = 1.dP = 0
[0,1] if (d*=1,d° =1

are part of a PBE if and only if

which is impossible.
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* A
(’Yd* +w)7r*(7d* +W)(lfﬂ)> it pA =1
& _
2—(7d +m) (Vd + A+z+pAdA)
* A A * A
—(Vd + pagigpaaa ) (d W) 1—7T)> £ A =2
> — (1 + i ) m = (10 + ) (L)
—(Vd*B %)W—(’W*B B+2+p3d*3) (1—m) £ B 1
«A <A i p- =
> — (vd? + st ) 7 — (vd” +Bi+p3d3)(1—”)
* A
7(7d*B+pB+11_+W)7(*( B & B+2+de*B) B
__xA i p- =
> — (yd? + Grfis ) 7~ (vd” +Bi+psds)<1—”)



Case 4.3

6A (pA) _

1 if pA=1 B,y _ J 0 if pP=1
{1 if pAog and oo @) =10 i pB =2

Being the game symmetric, we get exactly the same conclusion of the previous
paragraph.

Case 4.4

1 if pA=1 1 if pP=1
5A(pA):{ 1 if pr=g 0 5B(pB):{1 if pB
if d4 =0
/~LA=M(Z9A=1ClA)={;Tr jlf dA — 1 and uB:,u(szldB):{Z
e when (dA:0,dB:0),then

A B (11—
2 (i) + B (g )
p? +pP +pid

pA +pB +deB

ar? ar(l—7) 2a(1—m)7 a(l—n)

I R 3 2

+(172a)7r2+2(17a)?jr(177r)+(1—a)(177r)7r+(1fa)(1—7r)
0

_|_

3 2
= a* (d* =0,d% =0) € [0, 1]

e when (dA =0,dP = 1), then

A B
pra p° (1 —a)
E<pA+pB+pAdA>+E< >:

pA _|_pB +deB

ar(1—7) 2a(1—-m7 a(l—n)°
I 3 S
l-a)m® 201-a)r(l-7) (1-a)(l-mr (1—a)1-n)?
3 + ) + 4 + 3

=a?(d*=0d°=1)=1

e when (dA =1,d8 = O), then

A 31,
() 5 )
pA + pP 4 pid

pA +pB +deB

ar® ar(l—7m) 2a(l—m)7 a(l—7)
T e

2 2
(1—2a)7r +2(1—a)?:r(1—7r)+(1—a)(31—7r)7r+(1—a)(1—77)

=a* (d" =1,d" =0) =0

+
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e when (dA =1,d8 = 1), then

A B(1—
E(A ])BaAA)+E<Ap(JB a;B>:
pt +p” +pid pt+p” +pPd
a7r2+a77(1—7r)+2a(1—7r)7r a(l—mn)?
3 4 5 3
(1—a)7r2+2(1—a)7r(1—7r)+(1—a)(1 7r)77+(1—a)(1—7r)2:>
3 5 4 3
= a™ (d* =1,d% =1) € [0, 1]

+

To conclude

[0,1] if (¢4 =0,d" =0)
A A B {1} lf dA == O,dB - 1
(@ d%) € do1 i (aA=1.aB =0
0,1 if (d*=1,d% =1

First stage: the governments’ rational choices

: A : B _
o= ] ETy e ={ ) BT,

1 if pA=2 1 if pP=2
[0,1] if (d*=0,d8=0
A (A B {1} if dAZO,dB=1
(@ d%) €3 do1 i (A =1.aB =0
[0,1] if (d*=1,d% =1

are part of a PBE if and only if

* A
,(,Yd*A+MW)ﬂ7(7d*A+W> 177T)>
A * A
> — (10" + prir ) 7~ (¥4 + g

* A * *A
_(Vd + e )T~ (1 W)l_WD if pt=2
>_(vd +W)”_(7d + A+2+pAdA> -m

*B 1_g*A *B 1
_(,yd W)ﬂ'_ ('Yd B+2+p3d*5) 1_7T if pB_]_

A =

>_(Wd +W) (Vd +W)(1_”)

* B 1—a*4 *B
*(’Vd t T ”*( d B+2+de*B) (1-m2 if pP =2

* A
>—(7d +w) (Vd +w)(1—ﬂ)

which are possible when

111 1 111 1
0. — - = xA _7*,4007 = (1= * A — 2 (1= * A
76[’127T+4 30 " 6" } [’127T+4 30 (1-e)m—5(1—-a™)

Now, we are able to characterize the entire set of equilibria.
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Proposition 6 The counter-terrorism game with full decentralization has a set
of pure strategy Perfect Bayesian Equilibria consistent with Passive Updating
that depend on v and  :

1. When

1 1 1 1 1 1 1 1
0, — - — —a'r—=a"|N|0, — ———1-a")yr—=(1-a"
76[’127T+4 30" " 6“} {’127”4 g t-a)m—g=a)
with a* € [0,1], there is a PBE such that it is sequentially rational to play
As A 1 if pt=1 B 1 oif pP =1
) (p):{l if ph =2 and 6 (pB):{ : _
[0,1] if (d*=0,d% =0)
A% (A B {1} if (d*=0,d )
e (dLAT) €3 toy i (ah = 1,47 = 0)
[0,1] if (d*=1,dP=1).

2. When

7 1 a* 9a* 1 a* 1
6 3 3

N {—7‘(‘4— -+ =7, -+ _-n+
and a* € [0,1], there is a PBE such that it is sequentially rational to play

[0,1] i
UG I I A e
[0,1] if (d*=1,dP=1).

cl(YVm (2
TE1\1z) " \6) "
there are two PBE such that it is sequentially rational to play

(¢)

5A*(pA):{o if pt=1 53*@3):{1 if PP =1

3. When

0 if pA=2 0 if pP=2
{0}y if (d*=0,d%=0
. {1}y if (d4=0,d8=1
(ZA (dA’dB) (S {0} Zf EdA:l,dBO)
{1} if (d*=1,d%=1)
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oA B _
5A*(pA)_{1 ng ;1 and 53*(pB) {0 if p7 =1

0 if pP=2
{1y if EdAzo,deo
. {1}y if (d4=0,d%=1
(IA (dA’dB)G {0} Zf (dA:LdB:O
{0} if (d*=1,d% =1)

4. When

ve K“;A>7r+ <a;A> (1@,1}0[(1_2@%)7# <1_3a*A> (1@,1}

there is a PBE such that it is sequentially rational to play

. 0 if pA=1 . 0 if pP=1
5 (pA):{o ggf‘:2 and 6 (pB):{o 2253—2
[0,1] if (d*=0,d% =0)
, {1y if (d*=0,d8=1
aA<dA7dB)€ {O} Zf (dAzl,dBZO
0,1 i (d*=1,d5%=1)

10 Appendix D: Perfect Bayesian Equilibria with
Intelligence Cooperation

Consider the 16 possible combination of beliefs and the consequent sequential
rational choice of the countries (lemma 1). We consider only pure strategy PBE

1. Suppose
2,1(0,0 - ,,1,2/0,0
u2,/:\1,0 > T5;/f1'2“’°+10
2.1 - 14 1'21‘%’1710
p10.1 > #?
2,1|1,1 1,211
> 1> uh 11,
Hence
(a) in (p*,p?) = (1,1) then
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in (p#,p®) = (2,1) then

_ A, O — A @ A (dB] (p*,p") = S Lifye o
(Wd +3+2d*A>Z <7d +3+2dA>:’d (1% )_(1’1))_{ 0 if ve 55,1
« 17(1* 1*(1* *
_<’YdB+3+d*B) 2_(VdB+3+dB) = d" (a4 (p",p") = (1,1)) = 0
in (pA,p?) = (1,2) then
(A a’ _(aaA a Ax (1B (1A . BY _ [ 1 ifyel0,qy
<7d +3+d*"‘) - (vd +3+clf4>;$5 (@167 )(1’1)){ 0 if ye [l
" 1—a* 1—a” *
(0 ) 2 - (907 4 g ) = 67 @ 6 ®) = (L) =0
in (p*,p”) = (2,2) then
A C —(~aA @ A (dB] (p,pP) = [ Lifrelo s
(Wd +4+2d*A>> <7d +4+2dA):’§ (@7 % )_(1’1)>_{ 0 if ye[g1

1—a* 1—g*
_ * B e IS B e Bx A A , B — (1.1 _
(Vd +4+2d*B) = <7d +4+2d3> = 7% (@] (p".p") = (1,1)) =0

So we conclude that in these beliefs regions, there are the following
possible PBE

iif ye[0,4]

{1.0} if ép“,p3§=(
(6 0”) ™ ") =0 0 (e
{10} if (p*p®) =(

ii. if ve€ |3, 2]

¢ g

* . 1,0} i
RGN =N o) pt ) =
0,0} if (pAp") = (

iii. if v e [Z,4]

¥ g
* * 0,0 i ) = (2,
(@ 6N G = ooy () -
(0,01 it (p7) = 2
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iv. if ve[§,1]

a9 < -
* * ’ i ’ ~ 71
{dA (pAva) 7dB (pAv B)} = {0,0} if ZA,iB =(1,2)

{0,0} if p*pP) = (2,2)

Now, we have to go back to terrorists’ beliefs

when v € [0,75] then p*''% = (1—7)7 which means that

1,2(1,0 5 .
p2 10 > w is not satisfied, hence we get no PBE.

102 1— .
when v € [4, 2] then p*110 = %, pt 20 = 0 which

1,2]1,0
means that p>!10 > 180 HO0 o 7 < 2 Moreover 21100 =0,

1— . .
p1:2100 = 7(1_75”_;7();_”)2 which means that p>100 > ;12100 g
impossible.
when v € [2, 2] then >0 =0, 3210 =0 which means that
201,
p210 > w is impossible.
when « € [3,1] then p»100 = (1 — )7, 200 = (1 — 7) 7 which

2,110,0 > 1.210.0 5 gatisfied.

means that p

2. Suppose

2,1/0,0 1,2/0,0
p2 00 > 12

2,1]1,0 ~ 151210410
L0 > Jop T 2D

1 21611
2,10,1 ~ 14p"*1%1—10
7 > L
P2 < Ml,ﬂ)l,l

Following the scheme of point 1, we conclude that in these beliefs regions
there are the following possible PBE

(a)

i if y e [0, 5]

{1,0} if (pﬁ,p§)=(1,1)
1 if =(2,1
{a% (p".p") . d* (0" p")} = }1:8{ if gf‘ﬁf‘):gl:?;
{1,0} if (p*p")=(2,2)
i if ye [, 2]
{1,0} if (pj,p§)=(1,1)
1 if = (2,1
{a% (%, p") ,d" (0", p")} = }028{ if (ﬁAiﬁB):§1i2§
(0,0} if (pA,p"%) =(2,2)
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iii. if ve[&,3]

{é,g} li gpjpgg = (;71)
{dA* (pA’pB) ,dB* (pA,pB)} — 1(0:0?; 1f (gA:zB) ; E1:2§
{0,0} if (p*p")=(2,2)

iv. if ve[§,1]

A
{a* (", "), d% (p*,p")} = }ojo{ i (pA,pB):E1,2§
{0,0} if (p* (2,2)

Now, we have to go back to terrorists’ beliefs

e when v € [0,%] then p®'0 = (1—m)m, pb20 = 1—m)7

. 1,2|1,0
which means that p>th0 > w

get no PBE.

1—m)m .
when 7 € [f5, 5] then p>!00 = 0, p12I00 = mEZAT— which

2,1/0,0 > u1,2\0,0

is not satisfied, hence we

means that p
when v € [£,1] then p>'10 =0, p»210 =0 which means that
I

= 1,2]1,0 L. .

ZULO0 > Do H10 g jmpossible.

when v € [£,1] then p>100 = (1 —7) 7, ph?1%0 = (1 — 7)© which
2,110,0 > 1.210.0 g gatisfied.

is impossible.

means that p

3. Suppose

2,1/0,0 1,2/0,0
p>1100 > 41,2l

2,1]1,0 ~ 1520410
pHH0 > 1
2,1/0,1 ~ 14p"*1%'—10

= 15
M2,1\1,1 > M1’2|1’1

Following the scheme of point 1, we conclude that in these beliefs regions
there are the following possible PBE

(a)

i if ye[0,4]
{1,0} ii épjpgg =(1,1)
i =(2,1
{dA* (pA’pB) ,dB* (pA,pB)} — }1:8{ if (gA:zB) — E1:2§
{1,0} if (p*,p%)=(2,2)

i if e [, 2]
{1,0} ii épjpig =(1,1)
i = 1
{dA* (pA’pB) ,dB* (pA,pB)} — jiitgj}} if (gA:zB) — EiQ%
{0,0} if (p*,p%)=(2,2)
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iii. if ve[&,3]

{1,0} if ép::,pigi(l,l)
{4 (p*,pP) ,dP* (p*,p)} = }8:8% i (gAﬁB):g:;%
{o,0} if (p*,pP)=1(2,2)

iv. if ye[$,1]
{0,0} if (p;‘,pi):(l,l)
@ 0t?) 0 ) = 0 =)
{o,0} if (p*,p%) =1(2,2)

Now, we have to go back to terrorists’ beliefs. Hence

e when v € [0,%] then p?'M0 = 1—-m)m, pb200 =1-7m)7

. =,,1,2|1,0
which means that p2110 > 1"“174+10

get no PBE.
when vy € [

is not satisfied, hence we

2,111,0 _ __(A—mm 1,2]1,0 — _ (1-mmn
T m22(l—m)m? I T om242(1-m)m
2,1|11,0 ~ 15p221%410
2 14

12 15} then p*

which means that p is impossible.

2,1/1,0 1,2|1,0

when v € [15, é} then p =0 which means that

=0, p
p2 0 > 15“121‘# is impossible.
when v € [3,1] then p>!00 = (1 — )7, 1290 = (1 — ) 7 which
means that p2100 > 12100 i satisfied.

4. Suppose

21100 > ,1,2(00

2 1\1 0 < 15u2210410
poteE < 17

p21001 > 1412191 10

21\11 1125|11
>

Following the scheme of point 1, we conclude that in these beliefs regions
there are the following possible PBE

(a)

i if ve [O, 12]
{1,1} if (pj,pi) =(1,1)
1,1} if =(2,1
R S oh e A
(1,1} if (p*p") =(2,2)

ii. if ve[$,1]
{0,0} li épipgg:(lﬂ)
{dA* (pA’pB) ’dB* (pAypB)} - }8:8{ ;f (gA:zB) ; g:;;
{o,0} if (p*,p®)=(2,2)

72



Now, we have to go back to terrorists’ beliefs, considering pure strategy
PBE:

e when v € [0,%] then p2!bt = (1—m)m, pb20t = (1—7)7
1,2]1,1

which means that p2!%1 >4

e when~y € [3,1] then p>!00 = (1 — )7, 1290 = (1 —7) 7 which
1,20,0

is satisfied.

means that p>1%0 > 4 is satisfied.

. Suppose
21100 < ;1,200
2,1|1,0 ~ 15p*211:%410
p2 10 > 1op =t 410
2,1j0,1 ~ 14p'21%'—10

2,1/1,1 1511
/‘L s ) Z M s s

Following the scheme of point 1, we conclude that in these beliefs regions
there are the following possible PBE

(a) i if ye [} 1]

}0,1{ if gp‘:
X « 0,1}y if (p*,p
{a® (p7)d™ ™)} =9 0y i (p
{0,1} if (p,p"®) =

i if y € [§, 3]

{0,1} li p;‘ )=

{dA* (pA’pB) ,dB* (pA,pB)} _ }8: }{ 1f gA,pB = E
A B

(

{ {0,0} if (pp") =
iii. if y e [3,35]
{0,1} if (p#
{ {0,0} if éA
{0,0} if (p,p?) =
{o,0} if (p*

{dA* (pA’pB) ,dB* (pA7pB)} —

iv. if ve[3,1]

{o,0} if (p* (
{o,0} if (pA,p%) =(
{0,0} if (p?,p®) =(
{0,0} if (pA,p%) =(

{dA* (pA,pB) ’dB* (pA,pB)} _

Now, we have to go back to terrorists’ beliefs, considering pure strategy
PBE only.
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when v € [}, 1] then p>100 = (1—m)m, pb200 = (1—m)n

6714
: 1,20,1_
which means that p21%1 > w

11 2,1]0,1 _ 1—m)m 1,2]0,1 _ _
When ")/ S [Z’ g] then ‘UJ ‘ = %, 12 | = (]. 7(')71'
2,10,1 ~ 14p"?%1-10

is satisfied.

which means that u is satisfied. Moreover

p2 100 = /12100 — 0 which means that p>!%0 < ;1210045 satisfied.

when v € [1,1] then p>!01 = ;1201 = 0 which means that
1,2]0,1_ . .

p21101 > p 10 = 10 s satisfied. Moreover p2110:0 = ;1200 —

(1—m)7
2(1—m)m+(1—7)2
when ~ € [%, 1] then 2100 = ;12100 = (1 — 7)1 which means
that p2100 < 12100 jg gatisfied.

1,2/0,0

which means that p2190 < is satisfied.

6. Suppose

2,1/0,0 1,20,0
p2 00 < 12

2,1/1,0 « 154210410

u 1 21%1
21001 > L 10110

HQ’M’_l > b2l

Following the scheme of point 1, we conclude that in these beliefs regions
there are the following possible PBE

(a)

i if ve[0,4]
{11} if (p;‘,pi) =(1,1)
{dA* (pAva) ,dB* (pA’pB)} — E: ﬁ i ZA:iB i g:;g
{1} it (p*p%)=(2,2

i if v e [&, 2]
{1,1} it (p*,p®) = (1,1)

: A B\ _

{dA* (pA’pB) ,dB* (pA,pB)} — }(1): }{ Ii ]Z;A:gB ; E?:;;
{0,1} if (pA,p%) =(2,2)

iii. if v € [%,%]
{1,1} if ép::,p§§:(1,1)
{dA* (pA’pB) ,dB* (pA,pB)} = }'8: H: g (gAng) z g:;%
{0,1} if (p*.p®) =(2,2)

iv. if ye[3, 1]
0§ p
* * 0,1 i ? =(2,1
{a* (p*,p"),d"" (p*,p")} = (0,1} if (gA,zB):(l,Z)
{0,1} if (p*,p%) =(2,2)
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v.ifye[1,1]

0.1} it (.07) = (1.1
1} i =(2,1
{dA* (pAva)7dB* (pA,pB)}: }0:1{ i zAziB =E1:2§

{0,0} if (p*,p®) =(2,2)

vi. if v € [3},3]

{0,1} ig (p;‘,pi):(l,l)

. \ 0,0} if (p*,pB) = (2,1
(™ 0%p") a7 07} = }0,0{ if gﬂ% =E1,2§
{0,0} if (p*p%)=(2,2)

vii. if v € [3,1]

{0,0} ii (p;‘,pi =(1,1)

§ 0,0} i ,p°) =(2,1

{dA* (pA,pB)adB (pA,pB)}Z }0’0% if é]};A»IIZB _51723
{o,0} if (p*,p%) =(2,2)

Now, we have to go back to terrorists’ beliefs, considering pure strategy
PBE only:

e when v € [0,5] then p?!h1 = 1201 = (1 — 7)1 which means
that b1 > 12101 g gatisfied.

e when v € [, 2] then p>101 =0, p1210:1 = —U=m® - which

12715 I—m)rt(1—m)?
means that
1,2/0,1 _ _ - -
o s Mat0T 00 10 - VIS0 5 124 VIS TD
15 14 7 14
so that it is satisfied when 7 € [0, 2]. Moreover p>1I11 = %’

1,2[1,1

pb2b1 = 0 which means that p2t > g4 is satisfied.

21 2,1/0,1 _ 1,201 _ _ (A-mm .
[ ] When Y S [157 6] then 1 = U — 2(1_7r)7r+(1_7r)2 Wthh
2,100,1 > 14p121%1—10 2,11,1 _

means that p is satisfied. Moreover p

pt 21 =0 which means that p>!b1 > b2I01 s satisfied.

e when v € [£,1] then p?!01 = ;12103 = (1 — 7)1 which means
that ,u2’1|0’1 > W is satisfied.

e when v € [§,3] then p2tot = 12001 — % which

2,1/0,1 » 14p"21%1—10 2,110,0 —
- 15

means that p
pt2190 = 0 which means that g

is satisfied. Moreover u

2,10,0 < 1.2100 g gatisfied.
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e when v € [1 1] then p21%1 = ;12101 — 0 which means that

32
1,2/0,1_ . .

p2 01 > e 2100 Gg gatisfied.  Moreover p21100 = 12100 —

is satisfied.

1,20,0

15

(—m)m which means that p>1%0 <

2(1—m)m+(1—m)2
e when v € [3,1] then p?!00 = ;1200 = (1 — )7 which means
that p2100 < 12100 g satisfied.

7. Suppose

2,1/0,0 1,2(0,0
p2 00 < 12

2,1]1,0 ~ 15210410
; - 14 14 10
21101 < 1dp -
p2 ULt > 12
Following the scheme of point 1, we conclude that in these beliefs regions
there are the following possible PBE

(a) i if yve€ [0, ﬁ]

{Ov 1} if (p::7p§) = (171)
1} if =(2,1
(0 000 P = ) )~ (1
{0,1} if (p*,p") =(2,2)

ii. if v e [1—12,12—5]
{03 1} if (p::7p§) = (1’1)
if =(2,1
{d4 (pA,pP) ,dP* (p*,pP)} = ‘}{8:%’ ” (g’::gi) _ §1:2§
0,0} if (p?,p°)=1(2,2

iii. if v € [%,%]
2 £ o
{dA* (pA,pB) ,dB* (pA,pB)} _ {878} i gA,gB i (?;;)
{070} if épAJ?Bg = (272)

iv. if v € [é,l}

{00} if (p;‘,pi) =(1,1)
if =(2,1
(0 () G} =6 0] i () (10
{070} if pA)pB = (272)

Now, back to terrorists’ beliefs

1
P12 1,2(0,1
that p2101 < M”’lisfw is impossible.

e when 7 € [0,5] then p>101 = (12101 = (1 — 7) 7 which means
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e when v € [i 1} then p?100 =1, 412190 = which means that

12° 15
p2 100 < 12100 §g impossible.
e when v € [12—5,%] then p2101 = 412101 — (0 which means that
1,2|0,1__ .
p2 oL > M= =10 pever satisfied.
e when v € [£,1] then p*%0 = ;1290 = (1 — )7 which means

that p2100 < 12100 i satisfied.
8. Suppose
21100 < ;1,200
2.101,0 ~ 1512110410
/’L I ‘ >
p2 101 > 14u1’2ﬁo'1—10
I

Following the scheme of point 1, we conclude that in these beliefs regions
there are the following possible PBE

(a) i if ye [3,1]

2,1/1,1 15011
AT <1200,

{8,8} 1£ (p:}pi):(;’})
{a% (p%,p%),d" (p",p")} = }o:o{ i (ﬁA:zB);Eﬁ?;
{0,0} if (p?p")=(22)

Now, we have to go back to terrorists’ beliefs, considering pure strategy
PBE only. Hence

e when 7 € [4,1] then p2110.0 = 12100 — (1 — 7) 7 which means
that p2100 < 12100 jg gatisfied.

9. Suppose
21100 > 1,2[0,0

2,11,0 ~ 15u02110410
p2 L0 < 1o 10
2001 < L4pt?07 10

/,[,271‘1771 Z /'[/1’125|171
Following the scheme of point 1, we conclude that in these beliefs regions
there are the following possible PBE

(a) i if ye[3,1]

{8,8} 1£ p:“,pi :(;71)
{a* (p*,p"),d%" (p*,p")} = }o:o% ;f (gAng ;E12§
{0,0} if (pA,pP)=(2,2)

Now, we have to go back to terrorists’ beliefs, considering pure strategy
PBE only. Hence
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e when v € [$,1] then p?!%0 = ;12100 = (1 — )7 which means
that p2100 < 112100 g gatisfied.

10. Suppose
21100 > ;1,200
2,1]1,0 » 15u>2110410
2001 > 1412191 —10

= 15
M2,1\1,1 < M1’2|1’1

Following the scheme of point 1, we conclude that in these beliefs regions
there are the following possible PBE

(a) i if ve€ [0, ﬁ]

L ¥ e
{a% (", p7),a™ (0".p")} = }131}}’ it (ﬁAiﬁB);uZm
(1,1} if (p*,p%) =(2,2)

i if ye [, 2]
L ¢ e
™ (%p%) . 0 ") = 1y i ﬁA:gB ~ (1.2)
{1,0} if (p?,p®) =(2,2)

iii. if ve [Z,1]
L ¥ e
{d ") d™ ") = oy i AP ~(1,2)
{1,0} if (p4,p%)=(2,2)

iv. if ve [1,1]
{1,0} if (pi,pi)—(lyl)
1 if = (2,1
{dA* (pA,pB),dB* (pA,pB)}: }1:8{ i ZAziB =E1:2§
{1,0} if (p4,p") =(2,2)

v if v € [§.3]
o 4 o
* BY Bx B 1,0} if ’ =21
{a* (p*,p"),d" (0", p")} = (1,01 if ﬁA,gB =(1,2)
{0,0} if (pA,p®)=(2,2)
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vi. if v € [3},3]

{1,0} i épj (
{dA* (pA,pB) dP* (pA,pB)} _ }8:8{ ;f o ) = E
0,04 if (p*,p%) =(

vii. if v € [5,1]

{8,8} 1£ pj,pi = (;7 1)
{dA* (pA’pB) 7dB* (pA,pB)} _ *{{0:0]}’ ;f ﬁA:iB ; E1:2§
{o,0}y if (p*,pP)=1(2,2)

Now, we have to go back to terrorists’ beliefs. Hence
e when v € [0,4] then p2!bt = b2t = (1 — )7 which means
that p>1b1 < 12101 s satisfied.

1 2 2,111,1 _ 1,2]1,1 1- ;
e when v € [, 2] then p>!h1 =0, 1201 = % which
means that p>tbt < 1201 g satisfied. Moreover p2!'110 =

% 1,2|1,0 _ . 2’1‘1’0 w
O—mrra—mz M = 0 which means that pu < - o

T < 47\/136712 =lvr> 4+\/26712 -1

e when v € [%,é] then p2!0t = 41201 = 0 which means
that p2!b1 < 1201 g satisfied. Moreover p2110 = ;12110 —

% which means that p21110 < 15“1’21'# is satisfied.
e when v € [L 3] then p*M0 = ;120 = (1 —7)7 which means
that u2’1|1’0 < 15“1’21‘#18 satisfied.
e when v € [% 1] then p2!%0 = 12100 = 0 which means

that p>t00 > 12100 5 satisfied. Moreover p21h0 = ;1210 —

(d=m 2,111,0 < 1562110410
— 14

2A—m)ntnZ is satisfied.

which means that p

2,10,0 _ ,,1,2(0,0 _ (—mm ;
then p I Sy (172 which
2,1|1,0 1,2]1,0 _

e when v € [%,%]
2,110,0 > 1,210.0 j5 satisfied. Moreover

2,11,0 « 15u"2M 0410
= 11

means that p =pu

0 which means that pu is satisfied.

e when 7 € [4,1] then p2110.0 = 12100 — (1 — 7) 7 which means
that p2100 > 12100 jg gatisfied.

11. Suppose

21100 > ;1,200
2,111,0 ~ 15210410

I 2 T

uQ,l\O,l < l4pt?9%t-10

= 1
u2,1\1,1 < ul,Zﬁl,l
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Following the scheme of point 1, we conclude that in these beliefs regions
there are the following possible PBE

(a) i if ve [O, ﬁ]

{1,0} if (p*,p") =(1,1)
{a* (p*,p®) . d?* (p*,p")} = E:g{ E gj:gg:g:g
{10} if (p*,p%)=(2,2)

i if v e [&, 2]
{1,0} if (p;*,pi):u,n
AR BRI M i
{o,0} if (p*,p®) =(2,2)

iii. if v e [2, 4]
{1,0} if (p*pP)=(1,1)
() ey = 4 00 =)
{0,0} if ép“,p3§=(272)

iv. if ve[§,1]
{0,0} if p;‘,pi =(L,1)
@ ot oy =4 00 e 2 )
{o,0}y if (p*,pP)=1(2,2)

Now, we have to go back to terrorists’ beliefs. Hence

1

) 12
2,1|1,0 1552109410 . .

that p=1H% > =E——— isnot satisfied.

e when v € [0,%] then p?tt0 = ;1210 = (1 — 1) 7 which means

e when v € [{;, ] then p2l00 =g (12000 — __ O=mr _ epiep

T (l-m)r+(1—7)2
2110,0 > ;,1,2/0,0

means that u is not satisfied

e when v € [2,%] then p>!10 = ;1210 = 0 which means that
201,
p210 > w is not satisfied.
e when v € [3,1] then p*!00 = ;12100 = (1 — )7 which means

that p2100 > 12100 i satisfied.

12. Suppose
21100 < 1.2(0,0
2,1/1,0 « 154210410
K = 1 21\% 1
2,1/0,1 o 14p"?101_10
p < 1

HQ’M’_l > b2l
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Following the scheme of point 1, we conclude that in these beliefs regions
there are the following possible PBE

(a) i if ve [O, ﬁ]

{01} if (pjpi;:(l»l)
(e ) = o (e (0
{0,1} if (p*,p®) =(2,2)
ii. if 7€ [3,2]
{o,1} if (*,pP)=(1,1)
A R R e
{o,0} if (p*,pP)=(2,2)
iii. if ve[&,3]
{A (A B) B (A B)} ?0)’(1)}}!: g ggi’gg:g,g
a (p®,p°),d”" (p,p")} = TN ie (nA oBY — (1
by it (e~
iv. if ve[§,1]
{0,0} if (p*,p®)=(1,1)
A R R B 0 e
{o,0}y if (p*,pP)=1(2,2)

Now, we have to go back to terrorists’ beliefs. Hence

e when 7€ [0,%5] then p2H0t = ;1201 = (1 — 1)« which means

1,210,1_ . .
that ,u2’1|0’1 < w is not satisfied.

e when v € [{;, &] then p21100 = _d=mm pb210.0 = 0 which

T (1-m)r+(1-m)%?
2110,0 < ;;1,2/0,0

means that p is not satisfied

e when v € [2,2%] then p?!01 = ;12101 = 0 which means that
1,20,1_ . .
p2110:1 < 1op o 10 s not satisfied.

e when v € [3,1] then p*!00 = ;12100 = (1 — 7)1 which means
that p2100 < 12100 jg satisfied.

13. Suppose
21100 > 1.2(0,0
2,111,0 « 15u"210410
K = 1 21\% 1
2,1/0,1 o 14p"?101_10
p < 1

HQ’M’_l < pb2
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Following the scheme of point 1, we conclude that in these beliefs regions
there are the following possible PBE

(a)

iif ye (g 5]

{r,0} if (p*,p®)=(,1)
i A By _
{dA* (pA,pB),dB* (pA’pB)}{ }1:8]}’ é ]ZZA:]];B :Ei;;
{1,0} if (pA,p®)=(2,2)
i, if ye [4,1]
{1,0} if (p*,p®) =(1,1)
i A By _
{a (o p?) P (pA,pB)}{ R R e e
{0,0} if (pA,p®)=(2,2)
ii. if v € [3, 3]
{1,0} if (p*,p®) =(1,1)
i A By _
{dA* (pA,pB),dB* (pA pB)}{ }8:8{ é ﬁA:iB :Ei;§
{0,0} if (p*,p%)=(2,2)
iv. if ye[i,1]
{0,0} if (p*,p®)=(1,1)
. . _ ) {o,0} if (ptpP) =(2,1)
{a* (p*,p®),dP" (p*,p")} = (0.0} if (ﬁA,iB ~(1,2)
{o,0}y if (p*,pP)=1(2,2)

Now, we have to go back to terrorists’ beliefs. Hence

when 7 € [£, 4] then p?!10 = ;1210 = (1 — 7)1 which means

1,2]1,0 . .
that p>110 < w is satisfied.

when ~ € [l l} then ,u2,1|1,0 — MLZ\I,O = % which means

1,2]1,0 . .
that p>10 < w is satisfied. Moreover p21100 = ;12100 —
0 which means that %0 > /1.210.0 is satisfied

when € [3,1] then p?!h0 = ;12110 = 0 which means that

32
1,2]1,0 A A

p0 < w is satisfied. Moreover p>H0.0 = ;12100 —

is satisfied

(1—m)m 2,1]0,0 1,2|0,0

m which means that 1

when v € [3,1] then p>!00 = 412100 = (1 — 1) 7 which means

that ,u2’1|0’0 > ul’Q‘O’O is satisfied.
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14. Suppose
21100 < ;1,200
2,1]1,0 ~ 15"20410
2101 < 14p?1%1 10

2,111 15
u ) ; S /’L ) )

Following the scheme of point 1, we conclude that in these beliefs regions
there are the following possible PBE

(a) i if y€ [0, 75]

{01} it (p%,p%) = (L,1)
if = (2
{a* (p*,p7) . d% (p".07)} = }83 if ﬁAng :E1;§
{0,1} if pA7PB =(2,2)
i if v€ [, 2]
{01} it (p%,p%) = (L,1)
if = (2
{d* (p*,p"),d" (p* ")} = }8:2{ if ]Z;AﬁB :E1;§
{0,0} if (p*p%)=(2,2)
ii. if v € [Z,3]
}0,1]}» if (pj,p§)=E1,1§
) . 0,0} if (pA,pB) = (2,1
{d* (p*,p"),d" (p*, ")} = {0,0} if §§A7§B =(1,2)
{0,0} if (p*,p")=(2,2)

iv. if ve[§,1]

{0,0} ii (p;‘,pi =(1,1)

oY i =(2,1

{dA* (pA’pB) ,dB* (pA,pB)} = }8:0% it gA:gB = Elzgi
{0,0} if (p*,pP)=(2,2)

Now, we have to go back to terrorists’ beliefs. Hence

e when v € [0, %] then p2!%1 = ;12100 = (1 — 1) 7 which means

1,20,1 _ . .
that u2’1|0’1 < Ldp = 105 not satisfied.
e when v € [%, 1%] then p2t0.0 = %, pt290 = 0 which

1,2/0,0

means that p>H0%0 <4 is not satisfied

e when v € [Z,2] then 0! = 412101 = 0 which means that
1,210,1 . .
p2101 < w is not satisfied.
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e when vy € [%, 1] then p210.0 = ;1.210.0 — (1 — 7) 7 which means that
p2 100 < 1:200.0 g gatisfied.
15. Suppose
2,1/0,0 « ,1,2[0,0
p b0 < #T
uQ,l\o,l > 14111’21‘0’1*10
P2 1Lt < Ml,Qﬁl,l
Following the scheme of point 1, we conclude that in these beliefs regions
there are the following possible PBE

(a) i if ve [O, %]

{1,1} ii (pjpi) =(1,1)
1,1} i = (2,1
{dA* (pA,pB) ,dB* (pA,pB)} — }1: 1{ £ ggA:ng _ E1:2§
{11} if (p*,p%)=(2,2)
ii. if ye[3,1]
(0,01 it (%) = (1.1)
{dA* (pA’pB) ’dB* (pA,pB)} — }8:8{ ;f gA:ng ; g:;g
{0,0} if (p*,p%)=(2,2)

Now, we have to go back to terrorists’ beliefs. Hence

e when 7 € [0,4] then p2tbt = b2t = (1 — )7 which means

that p!H1 < 1201 s satisfied.
e when 7 € [$,1] then p>1%0 =4
that p2100 < 112100 jg satisfied.

1,2/0,0 — (1 —m)m which means

16. Suppose

2,1/0,0 1,2|0,0
200 < 12

2,1]1,0 15210410
; - 14 14 10
21001 < 1dp =
P2l < 120
Following the scheme of point 1, we conclude that in these beliefs regions
there are the following possible PBE

(a) 1 if ve[0,4]

{8,}} li épipig:(;i)
{a* (p*,p"),d" (p*,p")} = }0:1{ ;f (gA:zB);E1:2§
{0,1} if (pA,pPF) =(2,2)

84



e when ~ € [%,%} then p210.0 = (—m)m

2 15
{o,1} if (p;‘,pi):(lyl)

Ax (A B\ 4Bx (A By _ ) 10,0} if (p%,p”) =(2,1)
{d (p D )7d (p D )}_ {071} if pA)pB :(172)
{o,0} if (p*,p%)=1(2,2)

{0,1} ig (p;‘,pi):(l,l)

. \ 0,0} if (p*,pB) = (2,1
(™ 0%p") a7 07} = }0,0{ if gﬂ% =E1,2§
{0,0} if (p*p%)=(2,2)

iv. if ve[§,1]

{0,0} ii (p;‘,pi =(1,1)

§ 0,0} i ,p°) =(2,1

{dA* (pA,pB)adB (pA,pB)}Z }0’0% if é]};A»IIZB 251723
{o,0} if (p*,p%) =(2,2)

Now, we have to go back to terrorists’ beliefs. Hence

e when v € [0,75] then p210t = 12101 — (1 — 1) 7 which means

712
1,20,1_q

that p2101 < Ldp = is not satisfied.

1,2(0,0 :
= Tomra 2 M = 0 which
means that ,uQ’HO’O < ul’Q‘O’O is not satisfied.

e when v € [2,%] then p?!01 = ;12101 = 0 which means that

1510
2,1/0,1 ~ 14p*?%' 10
> 15

0 is not satisfied.

e when v € [3,1] then p?100 = 412100 = (1 — 7) 7 which means

that p>1100 < 12100 jg satisfied.

Considering the 16 possible combination of beliefs and the consequent se-
quential rational choice of the countries we are able to characterize the entire
set of equilibria.

Proposition 7 When ~ € [%, 1] there are multiple PBE such that

1.

(0,0} i (p%,p”) = (L,1)

. . 0,0} if (p,p”) =(21
{d* (p*,p"),d% (p*,p")} = }070{ Z}c ]];A,iB :El,2§
{0,0} if (p*,p") =(2,2)
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uz,uo,o _ M1,2\0,o =(1-n)

2,11,0 ~ 15u>219410

2,110,1 ~ 14p>?1%1_10
I 0,1 » 14p"""—10

2,1/1,1 1511
AL > 120,

i
{1} (a*,dP) =(0,0)
. {1}y (d4,d?) =(1,0)
a* (d*,dB) e (1} (d4,dB) = (0,1
{1} (a%.d%) =(1,1)
{0,0} if pi,p§)=(1,1)
{d* (p*,pP) ,d%* (p*,pP)} = }8:8{ g ZAZiB ig:;;
{o,0} i (p*.p%)=(2,2)
2100 — 12100 — (1 1y
MQ’HLOZ%:OJFN
u2,1\o,1>m
MQ’M’_I < b2t
{1} (a*,dP) = (0,0)
§ 1} (d?,dP) =(1,0
a* (d%,d%) € }1{ A, dP =§0,1§
{0} (d4,dP) =(1,1)
{0,0} if pf:,pi):(l,l)
{d* (p*,pP) ,d%* (p*,pP)} = }8:8;}} ZZ ZAng ig:;;
{o,0} if (p*.p%)=1(2,2)
20,0 — 1200 — (1 1y
u2,1\1,02W
2,100,1  14u'?1%1—10
MZ’M’_I > MLIQ 1,1
{1} dAvdB :(070)
i 1} (d?,dP) =(1,0
a® (d4,d") € %0{ dA, d® =E0,1§
(1) (@d%) = (1)
{(0,0)} if pi,p§)=<1,
. . 0,0)} if (p*,p%) = (2,
{dA (pAva),dB (pA,pB)}G }E0,0;{ Z ]Z;Aang:Ela
{(0.00} i (p*,p") = (2,
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uz,uo,o _ M1,2\0,o =(1-n)

2,111,0 ~ 15u>210410

2,110,1 ~ 14p>?1%1_10
I 0,1 » 14p"""—10

2,1/1,1 1511
AL > 120,

1
{1} (a%,d") =(0,0)
. {0} (d4,dP) = (1,0)
a* (d*,dP) ¢ (1) Ed&dB —(0.1)
{1} (dAvdB) = (1’1)
an) ¢ -y
* * _ ) ?, p,p = )
e R %pﬂﬁ% = (1)
{(0,00} if (p*,p%)=1(2,2)
2100 — ;12100 — (1 _ )
2110 > 150200410
2001 > 14ut 20110
MQ’M’_I > b2l
{0} (d4,d®) =(0,0)
. {1} (d4,dP) = (1,0)
a (@ d%) € 4 1y (a4 dP) = (0.1)
{1} (dAvdB) = (1,1)
o i
* * _ ) ? p,p = )
{dA (pA’pB) 7dB (pAva)} - {070} Zf pAva — (1’2)
{070} Zf (pAapB) :(2a2)
20,0 — 1200 — (1 1y
/i2’1‘1’0 < 15u1=21‘i°+10
2,10,1 ~ 14p?%1—10
u2,1\1,_1 > M1,12 1,1
{0} (d*,dP) = (0,0)
A B
o (dA,dB) c {0} dA7dB =(1,0)
{1} (d4,d") =(0,1)
{1} (dAadB) = (171)
{0,0y if (p*,p"%)=(1,1)
* * _ {070} if pA7pB = (271)
{dA (pAapB) ,dB (pAva)} - {0,0} ’Lf pA’pB) — (1’2)
{070} Zf (pAapB) :(2a2)
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uz,uo,o _ M1,2\0,o =(1-n)

2,11,0 ~ 15u>219410

2,110,1 ~ 14p>?1%1_10
I 0,1  14p" 7" —10

2,1/1,1 1511
AL > 120,

1
{0} (a%,d") =(0,0)
* (1A 3B {1} (dAadB):(l,O)
LA €0 ) (a4 = (001)
{1} (a4a%) = (11)
8.
{o,0} f p‘:,p
) . 0,0} if (pA,p
dA A, B ,dB A7 B — { -
% 0%0%) . d™ ")} =3 oy i (bt p
{0,0} if (p*,p?)
/142’1‘0’0 — ‘[1,1’2‘0’0 — (1 o ﬂ') T
M2,1\1,0>M
= 4
u2,1\0,1>m
MQ’M’_I < ph2i
{0} (a%,d") =(0,0)
* (1A 3B {1} (dAadB):(LO)
a” (d%,d”) € {1} (d4,d®) =(0,1)
{o}y (a4,d®) =(1,1)
9.
{o,0} if p‘:,p
. . 0,0} if (pA,p
dA A, B ,dB A’ B — { -
{a* (p*,p") (»*.p")} {0,0} if (pA,p
{o,0} i (p*p
#2,1\0,() — ‘ull,Z\(),() — (1 o ﬂ') T
M2,1\1,0<M
— 14
2,10,1  14p?%1—10
HQ’M’_I > M1,12 1,1
{1} (a%,d”) =(0,0)
* A B {O} (dA7dB) = (170)
a (d 7d )E {O} dA7dB :(071)
{1}y (d4,d?) =(1,1)
10.
{o,0} if (p*,p"
i} . 0,0} if (pt,p
dA A, B ,dB A’ B — { -
[ @0 p7) a0 0") =4 Golor i (04 pP)
{0,0} if (p*,p")
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11.

12.

13.

uz,uo,o _ M1,2\0,o =(1-n)

2,111,0 ~ 15u>210410

2,110,1 ~ 14p>?1%1_10
p2 101 > e 10

2,1/1,1 1511
AL <1200,

I

() (@am) = 0,0

. {0} (d4,dB) = (1,0)

a* (d*,dP) e 0! EdA7dB) —(0,1)

bf (e (0
{878} Zf pi’pﬁ) :(;7
{dA* (pA,pB),dB* (pAva)}: }0:0{ Zﬁ ﬁAZiB ;Elz
{0.0} i (»%.p") = (2,

2,110,0 _ ,,1,2[0,0 _ (1 _
p 00 = 412 =1-mm
2,111,0 ~ 15p121:0410

1
2,110,1 14;3’2%'1—10
L 0,1  14p" """ —10

2,111 12011
pAtt <y

{1} (a%,d®) =(0,0)
. 1} (d#,dB) =(1,0
o (d%,d%) € }o% (dA,dB):Emg
{0} EdAvdB§=(171)
}0,0{ if pi,pigzgl,
. , _ 0,0} if (p*,p7) = (2,
R TR R N
{o,0} if (p*.p%)=1(2,
’u2,1\0,() — M1,2|(),(]
2110 < 15un?10410
uz,lwo&;m
M2,1\1,_1 > b2l
{0} (a%,d”) =(0,0)
. {0} (d*,dP) = (1,0)
@ (@7 €0 oy (dA,dB):(O,l)
{1} (d4,dP) = (1,1)
{0,0y if (p*,p")=(1,
. . _ ) {00} if (ptpB) = (2,
A A R A R
{o,0} i (p*.p%)=(2
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I
I

H = 1
2,1]1,1 « Ml’ﬂl’l

2,10,0 _ ,,1,2(0,0 _ (1 _
10,0 — 12100 — (1

)T

2,1/1,0 « 150210410

2,1]0,1  14p27%1—10

7
{1} (a*,dP) =(0,0)
) 0} (d4,dB) = (1,0
@ (@) €4 o) ()~ o)
{0} (d4,dP) =(1,1)
1.
}070{ z§ p‘:,pﬁ)zglalg
Ax (A B\ gBx (A B\l _ 0,0} + (p*,p°)=(2,1
(0 p7)d” N p")F =3 folor i (b4 pP) = (1.2)
{0.04 i (p*.p") =(2.2)
21100 = ;12000 — (1 _ 7)1
u2,1\1,02w
u2,1\0,1<w
MQ’M’_I < b2t
{0} (d#,d?) =(0,0)
§ 1} (d4,dP) = (1,0
a (dA,dB)e }0{ dA, 4B =E0,1§
{0} (d4,dP) =(1,1)
15.
}070% z? pf:,pi)zgl,lg
Ax A B Bx A B _ 070 [ p,Dp = 2’1
(% 0% 07%) . d™ ") = 100y i pA,pBg:(l,Q)
{0,0} if (»*,p%)=(2,2)
luz,uo,o — M1,2\0,0 — (1 _ ﬂ-)ﬂ-
M2,1\170<%20+10
#2,1\0,1;m
u2,1\1,_1 < M1,12ﬁ1,1
{0} (d#,d?) =(0,0)
§ 0} (d*,dP) = (1,0
a (dA’dB)E ili (dA,dB :Eo,lg
{0} (d4,dP) =(1,1)
16.
}0,0{ z? %p‘:,pi =E1,1§
Ax (A B\ Bx (LA B\l _ 0,0} if (p7,p7)=(21
{d (p D )7d (p D )}7 {0,()} if pA’pB):(1,2)
{0.0} i (0*.9")=(2.2)
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2,1/0,0 1,2[0,0 — (1 _
p2 1100 < 12| = 1-mm

2,111,0 ~ 15u>210410

IO < 151010

2,1/0,1  14pb2%1-10

a 2,1/1,1 1511

p2 L < 12l
{0} (d*,d®) =(0,0)
* A 4B {O} dAvdB = (170)
o (d%.d%) €4 ro1 (a4 aB) = (01

{0} (dA,dB) = (17 1) .
Proposition 8 When ~ € [1—25, %] there are multiple PBE such that

1.
(1,1

a2 (o7 pP)  dP* (o7 pP))} = E878

(0,0

_ ,,1,2/0,0 _ (A—m)m
H 2(1—m)m+(1—m)?
2,111,0 ~ 15x"210410
m > 15w = 7410

1 21\611
2,1/0,1 14p ™" —10

2,1/0,0
//[} I

= 15
M2’1|1’1 _ u1’2|1’1 —0r

e
a* (d4,d") e {0} EdA:ng ;(
{1} (a%,d%) = (

(.0} 7 (p%) =1
e 0 Y B
{(0,00} if (p",p") = (2

2,1/0,0 _ ,,1,2/0,0 _ (A—m)m
H 2(1—m)mt(l—m)2

2,1[1,0 ~ 15u121%110
p2 1o < Low =t 10

i

— 14
1.2]0,1_
0= /’62,1'071 > 4p"7 —10 10&//[,172‘071 =0
2,11,1 1,2|1,1

o)
{1} (d*#,dP) = (0,0)
. {0} (d*,d®) = (1,0)
@€Y ) (anaR) - (001)
{1y (@4,d%) = (1,1)
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{(1,00} f p2,p33=(1,1
Ax A B Bx A B {(0,0)} Zf p,p :(2a1
WY €N Ho0) i () = (12
{(0,00} if (p*,p®)=(2,2
2,1/0,0 _ ,,1,2]0,0 _ (A—m)m
# _M - —7T)T —T
2,1 15 1’2'“’2(10 e
0= > |1,0 < © + &MI,Q\LO =0
2101 > 145210110
u2,1\1,_1 > M1,12ﬁ1,1
?{ dj,di :Eo,og
« /1A 1B 0 d*,d”) = (1,0
o (d%d7) € ¢ 3 (g4 ) = (0.1)
{1} (a*,dP) =(1,1)
(L1} (™) = (1)
" " 0,0} 4 , =(2,1
(%% 4% 070" = }070{ y z];A,iBg=El,2;
{070} if (pAapB):(2a2)
2,10,0 _ ,,1,2]0,0 _ (1—m)m
H =p - 12gl—ﬂ)ﬂ+(1—7r)2
Mmu,ozw
2,1/0,1 < 14512101 19
(21 _ M1’2|11’51 __
{0} (da*,d®) =(0,0)
* A B {1} dA7dB :(170)
o (d%d%) € 4 1 (g4 ) = (0.1)
{1} (d4,dP) = (1,1)
{071} if (pjapi):(lal)
% . 0,0} 1 , =(2,1
gty 8 G -
{o,0} i gp“,pBg=(2,2)
_ (A—m)m

2,1/0,0 — ,,1,2/0,0
0.0 — 12100 —

H 2(1—m)m+(1—m)?

2,1]1,0 151210410
L 1,0 « 15p7" 7 +10

— 14
1,2|10,1
0 = p2t01 > 1du 10 g, 1:2101 —
2,1[1,1 1,2|1,1
p2 It <y
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I

{1} EdA,dB = (0,0)
* A B {0} dA7dB :(1 0)
AL € ) (0t aP) = (001
{o} (d*,dP)=(1,1)
(L0} i (ptp?) = (1)
A« (A By B« (A B\ _ ) 10,0} if (p7,p7) =1(2,1)
@) 0% =1 o0y i (0 pP) = (12)
{070} if (pAapB):(2a2)
1000 — 1,200 — _ (A=mm
21100 — 1200 e
0= p>o < 15u1’2|1’0+10&ﬂl,2\1,0 -0
2,10,1 ~ 14p"*%'—10
N2,1\1,_1 < M1’125|1’1
{1} (d*,dP) =(0,0)
« (1A B {o} (d*,d®) =(1,0)
L) €N ) (@ran) = 01)
{0} (d4,dP) =(1,1)
{170} if (pj:apig(lal)
Ax (A B\ 4B (A Byl _ ) 1L,0} if (p%,p”°)=(2,1)
{d (p » D )?d (p » D )}_ {071} Zf pA’pB _(1,2)
{o,0} i (p*.p%)=(2,2)
21100 > 1,200
(1—m)w 150210410 0 12110 _ (A—m)mw
= smmraor S et Y = s

{dA* (pA,pB) ,dB* (pA7pB)} —

2,11,0 _

I

a* (d*,dP) e

2,10,1 ~ 14p"?%'—10

93

201 :6 < M1’125|1’1 -0
(1} (d*,d®) = (0
{0} (dAyng—(l
{1y (@%,d%) = (0
{0} (d*,d%)=(1
{171} if Ep
{070} if (p
{0,0} i (p
{0,0} if (p




10.

2,1/0,0 1,20,0 _ (A—m)m

H =H = I mrtr(1—n)?
2,111,0 ~ 15u210410
H 2 14
1,20,1_1¢9

p2101 < 14u i

0= M271\171 _ M1’2|1’1

{0) Ede; =

x (A 1B {1} (
a* (d4,d") € o} | (
{0} (dA7dB) —(

{1,0} EpA,pB =(1,1)
. . 0,0} if (p*,p%)=(2,1)
dA A’ B ,dB A7 B _ { . ) ’
WP AT =N o0y i (4 ?) = (1,2)
{0,0} if (p*.p%)=1(2,2)
2,1/0,0 _ ,,1,2/0,0 _ (A—m)m
H H 12‘102(14)“(14)2
s 2010 < 15#*74*+10&M1,2|1,0 —0
2,1/0,1 > 14M1,2\0,1_10
MQ’M’_I < b2l
{0} (a*,d") = (0,0)
* A B {O} dAvdB :(170)
L) €N ) (@rak) = 01)
{0} (d*,dP)=(1,1)
{0,1} if (Pi,pgg—(l,l)
Ax (A B\ 4B (A Byl _ ) 10,0} if (p%,p”)=(2,1)
{o,0} i (p*.p%)=(2,2)

_ ,,1,2/0,0 _ (A—m)m
H 21—mrt(1—m)2
2,1|11,0 « 1520410
K S1 20,1 14
1412101

0= 2101 > Lu 0812101 —
2,1|1,1 1,211
p bt < pt2l

2,1/0,0
//[} I

8 i
a* (a4, d%) e 1} EdA:ng _ (
{0} (a4.d") =(
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11.

[aA" (pA,pP) ,dP* (o, pP)) = {0,0} if

2,1]0,0 _ ,,1,2/0,0 _ (1—m)m
H =4 = e mrtr(1—n)?
2,11,0 ~ 15u>210410

2,1|0,1 > 14/11»2\0’1—10&#2,1\0’1 _ M1,2\0,1 -0

W
ﬂ2,1\1,1 > Ml’Qll’l
{0} (da*,d®) =(0,0)
* A B {O} dA7dB :(170)
AL €y (@ ar) = (01
{1} (d*,dP) =(1,1)
12.
{1,0} if gpi,pig
dA* A B dB* A B _ {an} Zf p,p
{ (p D )7 (p , D )} {070} Zf (pA’pB)
{0,0y if (p*,p")
M2,1|0,0 _ M1’2|0’0 _ 2(177(:);?(7{7@2

2,1|1,0 « 15p*2M%4106  211,0 _ ,,1,2]1,0 _
I 110 < 1 & 11,0 — h 11,0 — ¢
1,2]0,1
21001 > L 10t 10
2,1/1,1 15011
ne ; Z w )

{0} dj,di =(0,0)
@ e Gl i) Z o
{1} (dAvdB) = (1’1)

Proposition 9 When ~ € [i

1.
gmﬁ if Epi,pg
. . . 1,0 'lf p D
{d** (p,pP),d" (p*,p")} = (0,0)} if §pA,pB)
{(0,0} i (p*.p")
0= 00 < 200 = T

(-mm  _ ,21]1,0 15p +10 1,2|1,0 _
> =2 &u = 0&m

2,10,1 ~ 14p'21%'—10

m2+(1—m)m H

= 15
M2,1\1,1 > M1’2|1’1
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{0} (d4,dB) =
o (@4,a7) e { Ed“‘ (0
’ [} (d4,a o1
1) (d,d%) = (1)
{1,1} if (pA,p®) =
Ax P B
{a** (p,pP),dP* (p*,pP)} = {11} épA,gB):ng
{00y i (p*,p7) =(1,2)
{0,0} i (p*p")=1(22)
p21100 — g < 1200 — (oo
M271\170 . Mﬂ-‘r(l—wf
21001 ¢ 1 #%1 10
N2’1|1’1=%2,u1’2|1,1:0
{0} (d4,dB) =
o (d*,dP) e {1} EdA dB%(0,0)
’ o (@447~ o)
{1} (dA,dB§=(1:1)
{1,0} if (p*,pP) =
B ‘ Ep pP) = (1,1
{at (p*,p") . d% (p".p")} = 3(1)} if pj’pB):(Q’lg
v yoif (ptpP) =(1,2)
{70} if (pA,pB):(2,2)
,ﬁ,l\O,O _ M1’2|0’0 —0

2,110 _ _ (1=«
u _ ) 15,,1:211.0
HOoor 2T 108y 120 = 0&err < 2
21001 > 142010 o
0= 21l < il g
{0} EdA dB _(
) ) = (0,0
cane] 0} (i 0
1) (dhd%) = (01)
{0} (a4,dP) =(1,1)
{11} if (p?,p"
dA* A B . ) p,p =(1
{ (p P ) ,dB (pA,pB)} _ {0,0} if EpA,pB _ E2a B
{(1),1} if (p*,p") ~ (1,2)
{0,0} of (pA,pB) =(2,2)
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2,1]0,0 _ (A—m)m 1,2(0,0 _
p1o0 = —mrra=m® = M 00 =0
2,111,0 ~ 1542210410
ST
2.1]0,1 . 14219110
u 0,1 < 14p " > —10

15
0— M2’1|1’1 < M1,2\1,1 _ _(1—mmn

T2+ (1—m)m
{1} (a*,d®) =(0,0)
* A B {1} dAvdB = (170)
o” (d%.d7) € 4 f1 (g4 aB) = (0.1)
{0} (dAadB) = (1, 1)
5.
01 ¥ ()=
dA A’ B ,dB A7 B — { -
(7 @) a7 (707} 0,13 i (p%p7) = (1
{0,0} if (p*.p")=(2
0= MQ,HO,O _ MLQ\O,O — (1 _ 71.)7.[.
2110 < 15612110410
= 14
0= M2,1|071 < 14,“1’2‘0‘1710&/1/1’2‘0’1 =1
Mz,l\ﬁ — 1> 2l =
{0} EdA,dB = (0,0)
* A B {0} dAvdB = (170)
@A EN o} (a4 aP) = (01)
{1} (a*,dP) =(1,1)
0.
{0,1} pi,p’z = (1
. . 0,0} if (p,p°)=1(2
dA A’ B ,dB A7 B — { -
{a™ (%2") (%)} {0,1} f (p*.p%) =(1,
{0,0} i (p*.p%)=(2
M2’1|0’0 _ (1—75)17:4:7()1717r)2 > ‘ul,Q\0,0 -0
21110 < 1512110410
= 1
14 1,2\0,1_10 1—m)7
0= /‘L2)1|0)1 < =k 15 &NIQ‘O’I = W2(+(12w)ﬂ&7r 2 %
P2 < 20
=0
* A B ) = 5
o (d%d%) €4 1 (g4 ) = (0.1)
{0} (d4,dPB) =(1,1)

Proposition 10 When v € [0 1 ] there are multiple PBE such that

12
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(L1 if Epi,pi =(1,1)
. . L1 df (php®)=(2,1)
a4 (pA, pB) , dB* (p?,pB)) = ( :
{a** (p*,p") (r%,p")} (1L,1) if (pA,pP)=(1,2)
(LY i (p*.0%)=(2,2)
21100 > ,1,2]0,0
2110 > 15pt 2100410
2,1/0,1  14p?1%1—10
p2A1 — u1_,2\1,1 =(1-m)7
{1} (a%,d") =(0,0)
* A B {1} (dA7dB) = (170)
a (d ,d )E {0} (d4,dB) =(0,1)
{1} (d*,dP) =(1,1)
{(1,0)} if Epimﬁg =(1,1)
. . Lo} of (ptp7)=1(2,1)
dA A7 B 7dB A’ B c {( ’ ’ ’
{a* 0" ").d™ ") e o)y i EpA,pB)Z(laQ)
{0, 0} if (p*.p")=(22)
21100 > ,1.2]0,0
% _ 210 < 15u1’21‘:°+1o&u1,2|1,0 — 0& Z%

_ 210, 1442191 _10 2001 _ _ (d-mm 2
0= p2 !0 > Be=Rep! 20! = i b < 2
P2l > 120

{1} (a%,d") =(0,0)
* A B {0} dAvdB :(170)
a (d ,d )E {1} (d4,dB) =(0,1)
{1} (d*,dP) =(1,1)
{(0,1)} f Epj,pig =(1,1)
. . Lo)} if (php”)=1(2,1)
44 (pA pB) . dB* (pA pB)) € {1, ‘ ’ )
{ (p p ) (p p )} {(0,1)} if EpA’pB):(l,Q)
{0} if (p*p")=(2,2)
2100 > ,1.2]0,0
_Oemm 21010 « 1522041000 19110 _ g < B
A—mrta—mZz _H o 4 H T=7
14 1,2 0,1710 1_71' T
0= p2101 > %&ML?\OJ = %&w > 2

HQ’M’I > M1’2|l’1
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SR
el B
{1} (a%,d%) =

(@ () ™ )y =4
{0,1} if

2,110,0 1,2/0,0
1% | <u |

2,111,0 _ (1—m)m 15“1,2\1,0_"_10 12010 _ )
1% T o2+ (l-m)mw S 14 &/J = 0&m Z 2
21001 _ > Mp?0110¢ 12000 (l=mr
M =0> 15 &,U = o) & <
2,11,1 1,2]1,1
p2ttt > 12l

{1,0} i %p
(

5
7

8 e
a* (dA’dB) € {1} (d4,dP) = (
{13 (@,d") =

{0.1} if pi ) =(
{a* (p*,p®),dP* (p*,pP)} = }(1),(1);}L Z (ﬁA’p g:E
{1,0} if (p*,p") =(

u2,1\0,0 < M1’2|0’0

2,1/1,0 _ (1—7)7 1512110 4 10 1310 _
: —(=m)i+-mm < 4 &p = 0&m
2,101 _ > Mpl 1104, 12(01 _ _(=mm
2 =02> 15 &u = A=m)yrtn? &7 >
2111 > 1,211

1

foy favan)

a* (dA7dB) € 1 EdA:ng ; (
{1} (

4p")
{dA* (pA,pB) B+ (pA,pB)} _ {1,1} of (pj:’p 3 _
40"
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I

1

2,1/0,0 1,2[0,0
200 < 12
2,1/1,0 ~ 154210410

2,1)0,1 o 14p"?1%'—10

2,101,1 _ ,,1,2]1,1 _ (1

—mm

a* (d4,d") e

{
{
{

0}
1}
0}

(d4,d5) =
d*,dP) =

(1—m)7

—mmt—mZ M
0= N2)1|0)1 > 14p

a* (d4,d) e

{dA* (pA,pB) ,dB* (pA,pB)} _

I

a* (d*,dP) e

A7pB)} _

2,1/1,0 15 +10&u1,2\1,0 —0&

2,1]1,1

{1}

{0, 1}
{1,0}
{0,1}
{1,0}

2,100 > ;,1,20,0

W

1,2[1,0
14
10 ¢, 1,201 —
2,1[1,1 1,2|1,1
p2 L < gt

{1} (d*,d®
{0} EdAVdBi
{1} (d*,d?)
{0} (a%,d")

1,2]0,1

{1,1}
{1,1}
{1,1}
{1,1}

2,100 > ;,1,20,0

W

(
(
dA7dB :(
(d4,dP) = (

m2+(1—m)7

5
7
(1—m)7

&

JTTCRVAN

T
>

= (
= (
= (

(

2,11,0 ~ 15u2210410

1 21\%1
2,1/0,1 14p>°" " =10
7! ‘ < = ——

_ M1,2\1,1 — (1 _
{13 (
{1} (a4,d?
{0} (
{0} (
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on p’.p7) a
{dA* (pA7pB) ,dB* (pA’pB)} - }021{ Z (gA’p g _ El’
{0,1} if (p*,p?)=(2

2,1/0,0 1,2|0,0

2,1|1,0 ~ 15x"20410
H = 4

_ 21001 « 14p™21%' 100 120,1 _ (1-—m=
0=p < 15 &p N s e
‘u2,1\1,1 - 1> M1,2|1,1 =0

{0} (a*,d®) =(0,0)
* A B {O} dAvdB = (170)
o (d%d7) €3 1o (a4 aP) = (01)
{1} (dAadB) = (1,1)
10.
L1 7 () =)
Ax (A B B+ (. A _B _ {171} Zf p,p = (251)
{d (p P )7d (p P )}_ {171} ’Lf pA7pB :(1,2)
{L.1} i (0"p") =(2.2)
M2,1\0,0 < M1’2|0’0
1,2|1,0
M2,1\1,0 > 15u1 21‘%1+10
M2,1\0,1 < 14p"1"—10
u2,1\1,1 _ 12011 (1—7)7
{0} (d*,dP) = (0,0)
* A B {1} dAvdB = (170)
AL € oy (ahaP) = (0,1
{0} (a4,dP) =(1,1)
11.
{0,1} if p‘:,pi =(1,1)
. . Lo} if (p*p")=1(2,1)
dA A, B ,dB A7 B — { -
7GR 000 =3 o) i (0p7) = (12)
{0} o (»*.p%)=(22)
21100 < 1,2(0,0
(1—mm — 21010 < 10410 0 12010 g < B
(I—m)m+(1-m) 1512‘01—10 14 “(1 : =7
,210,1 _ —T)T 2
0= HJ2,1|O,1 > 12 = &MI,Z\O,I _ 71—2+(1_7|—)71—&7T > 2

M2,1\1,1 < M1’2|1’1
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{0} (d*,dP) = (0,0)

. 0} (d*,dP)=(1,0

a (dA’dB)E %1{ (dA,dB :EO’1§

{0} (a4,dB) = (1,1)

12.

{10} i (p%,p%) = (L)
{dA* (pA,pB),dB* (pAva)}: }(1):(1){ Zﬁ ?;A:§B ;g:;;
{0,1} if (p*.pP) =(2,2)

2,100 < ;,1,2/0,0

1 <
_ 1,2|1,0
7(1(—170:@2 = 210 < 15 2010 g 12100 — g >

2
7
2,1]0,1 > 14M1,2\0,1710&‘u1,2\071 _ (1—-m)m & <

0=p = T T S 7
M2,1\1,1 < M1’2|l’1
{0} (d4,d?) =(0,0)
* (JA B {0} (dAvdB = (1,0)
LA €N 1y (a4aP) = (o)1)
{o} (a*,dP)=(1,1)

11 Appendix E: Perfect Bayesian Equilibria of
the Game in Scenario 3 with Policy Cooper-
ation

The objective of the Political Union AU B is to choose (dA, dB) such that

d*, dP i d* LU d?
( , )Gargmm{max{(’y +pA+pB—‘rpAdA , 1Y +pA+pB—|—deB

Given the objective function of the Political Union, when there are multiplicity
of sequential best replies, we will delete choices that are weakly dominated
for the single countries and choose symmetric solutions because of consistency
with the idea of a Political Union where choices are reached through consensus
building procedures.

Now, consider the 16 possible combination of beliefs and the consequent
sequential rational choice of the countries (lemma 1).

1. Suppose
21100 > ;1,200
2,1/1,0 ~ 154210410
H > 14
2,10,1 ~ 14p"*1%1-10

= 1
2,1]1,1 1,2]1,1
PR > ]
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(a) in (pA,pP) = (1,1) then

a* 1—-a*
max dr —— | vdB + >}
{<7 pA+pB+pAdA) <7 pA +pP +pPdB

maX}l,Oi dj:,di = (0,0)

) omas{EA @) =00 (1,0

=\ max{y 110} (a4a8) = (Lo —40 1)6{ {(0.0)}
max{’y+§,’y} (dA,dB) =(1,1)

(b) in (pAva) = (2,1) then

a* 1—a*
maxd (s TN (B )}
{<7 pA+pB+pAdA) <7 pA 4 pB +pBdB

maX}%O% d4,dB) = (0,0)
_ max 3, dAvdB :(071) UBx* {(170)}
= max s 0y (aham) = (o) =4 (2’1)6{ {(0,0))
max{’y+g,’y} (dA,dB) =(1,1)
(c) in (p?,p®) = (1,2) then
a* 1—a*
maX{<7dA T AP +pAdA) ’ <7dB T P +deB>} B
maxg%,O% d4,dB) = (0,0)
B max {3, d4,dP) = (0,1) UB+ {(1,0)}
o] max {’Vi 3’0} (d*,dP) = (1,0) = qAYB* (1,2) € { {(0,0)}
max{’y+z,’y} (dA,dB) =(1,1)
(d) in (p?,p?) = (2,2) then
a* 1—a*
maX{<7dA T P +p“‘d“‘) ’ <7dB TP +deB>} -
maxgl,o (dA,dB) = (0,0)
B max { 1, d4,dP) = (0,1) UBx* {(1,0)}
© ] max{y+ 3’0} EdA’ng = (1,0) = qAYB* (2)9) ¢ { {(0,0)}
max{'y+g,’y} (dA,dB) =(1,1)

Thus in these beliefs regions, there are the following possible PBE

i if ye[0,4]
{(1’8)} it (p”.2") :ga})
(@ ) )y e | (0] %iAiﬁﬁilﬁlizi
{(1,0)} if (ppP)=(2,2)
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0
2
157

0

120
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1
127
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2

) 15

1
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1
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ii. if ve[d, 2]

{(1,0)} ii (pjpi) =(1,1)
. § 1,0} i pP) = (2,1
{d* (p*,p"),d" (p* ")} = }EO,OQ if gAﬁB :51,23
{(0,00} if (p*,p®)=(2,2)

ii. if v e [Z,3]
(o) & o
. . 0,0} if pP) = (2,1
{a (™) d™ 0P} = Holo)) it () = (1L2)
{(0,0)} if (»*,pP)=(2,2)

iv. if v e [§,1]
o o
. " 0,0 i , =(2,1
{a™ (", p"),d% (p",0")} {(0,0)} if (gA,gB):(l,Q)
{(0,0} if (p*,p") =(2,2)

Now, we have to go back to terrorists’ beliefs. Hence

2,1|1,0 _ ,,1,21,0
1,0 — L |

when ~ € [0, 1—12]
201,
that p2110 > M is not satisfied, hence we get no PBE.

(1—m)7m .
[qEs G- which

then pu = (1 — 7)  which means

2,1/0,0 1,2/0,0 _

when v € [112, 15} then p*
1,2|0,0

=0, p

is impossible.

2,111,0 _ ,,1,2/]1,0
1.0 — b2l

is impossible.

means that ,u2 10,0 > h

when v € [12—5, %] then p = 0 which means that

2,11,0 ~ 15p>21%410
pAI0 > B
when v € [§,1] then p2 00 = 12100 — (1 — 7)1 which means
that p21100 > /1200 jg gatisfied.

2. Suppose

21100 > ;1,200

21\10 15p 2110410
Iz = 11

p21001 > 14p 210110

15
21\11<M12|11

Following the scheme of point 1, we conclude that in these beliefs regions
there are the following possible PBE

(a)

i if ye [0, 3]
{1,1} ?i gpj,piiz(l,l)
{d* (p*,p"),d% (p*,p")} = E(ﬁ i (gA:gB);g:g
(1,1} if (pA,pP) =(2,2)
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ii. if ve[d, 2]

{11} it (php%) = (1,1)
O R R R Tl A o
{0,0} if (p*,p®)=(2,2)

iii. if ve€[&,3]
U B I Bt e
a* (p*,p7),d”" (p©,p")} = TN e (oA DBy — (1
00} it (pm 0o

iv. if ve[§,1]
{0,0} if (p;‘,pi):(l,l)
A R O e
{0,0} if (p*p")=(2,2)

Now, we have to go back to terrorists’ beliefs. Hence

e when v € [0, 3] then p?!10 =1 ;1210 =0 which means that

’ 12
is satisfied. Moreover p2111 =0, p201 =

2,111,0 » 15p"2M410
H 12 14
(1—m)m 2L < 1201 g satisfied.

NG s g which means that p
Hence we have a PBE
e when v € [1 2] then p21110 =1, 412110 = 0 which means that

120 15
1,2]1,0 . .
p2 A0 > 1sp+10 = 10 s satisfied. Moreover p2110:0 = ;12100 — ¢
which means that
2,1/0,0 __ ,1,2/0,0 _
m 10,0 _ m 10,0 —
is satisfied. Finally p2'%1 =0, pb2b! = % which means
that 0= p2tbt < pb201 = % is satisfied. Hence we have
a PBE
2 1 2,1/0,0 _ ,,1,2/0,0 _ (1-—m)m :
e when v € [ﬁ,g] then p>t0.0 = /12100 — At (17 which
means that p21100 > 112100 js satisfied. Moreover b1 = ;1211 =

1,2[1,1

0 which means that M2,1\1,1 <u is satisfied. Hence we have a

PBE
e when v € [%,1] then p*t%0 = ;1290 = (1 — 7)7  which means
that ,u2’1|0’0 > ,ul’Q‘O’O is satisfied.

3. Suppose
21100 > 1.2(0,0
2,111,0 ~ 15210410
K = 1 21\% 1
2,1/0,1 o 14p"?101_10
p < 1

HQ’M’_l > b2l
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Following the scheme of point 1, we conclude that in these beliefs regions
there are the following possible PBE

(a) i if ve [0, %]

(L1 if (p*p%) =(1,1)
i A By _
(4 ) a7 <pA,pB>}{ R AN
(1,1) if (p4,p%) =(2,2)
i if v € [&, Z]
(L,1) if (ptp®) =(1,1)
i A . B) _
(4 (o1 7) a5 g7y = 4 (B0 ) 2
(0,0) if (pA,p%) =(2,2)
ii. if v e [Z,3]
(L,1) if (php®) =(1,1)
i A By _
(@ (h?) 0 oty =4 (0 = ()
(0,00 if (p*,p") =(2,2)
iv. if ve[§,1]
(0,0) if (p*,p?)=(1,1)
. . ) (0,00 if (p4,p%) =(2,1)
{a* (p*,p"),d"* (p*,p")} = (0,0) if gA,iB):(m)
(0,0) if (p*,p%)=(2,2)

Now, we have to go back to terrorists’ beliefs. Hence

e when 7 € [0,4] then p?tbt = b2t = (1 — ) which means

that p21b1 > 412101 is satisfied, hence we get a PBE.

e when v € [{5, 2] then 0.0 — g 12000 — —U=mT - which

- (1—7r)71'-l—(1—7r)2
2110,0 > ;,1,2/0,0

means that p is impossible.

e when v € [Z,3] then p>!! = ;1201 = 0 which means that
u271‘171 > ul’z‘“ is satisfied; moreover ,u271|0’0 = u1’2‘070 = —2(17;1);?(7{7”)2
which means that p21190 > ;1:210.0 is satisfied, so that we get a PBE.

e when v € [%,1] then p2100 = 12100 = (1 — 7) 7 which means
that p2100 > 112100 jg gatisfied.
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4. Suppose

21100 > ;1,2/0.0
2,1|1,0 ~ 15p"20410
2101 > 14p?1%1 10

2,111 15
u ) ; Z /’L ) )

Following the scheme of point 1, we conclude that in these beliefs regions
there are the following possible PBE

(a) i if ve [O, é]

(L} i p‘:,pﬁ)z(lal)
{dA* (pA’pB)de* (pA,pB)}e }Eé:}ﬁ i ZA:}]ZB ig:;g
{@n}y if (p%p7) =(2,2)

i if ye [, 2]
{(Lyy i pi,pigi(LD
{dA* (pA’pB)vdB* (pA,pB)}e %Eé:ig ﬁ gA:ZZZB);g:;;
{(0,00} if (p*p®)=(2,2)

iii. if v € [35, 5]
{(1,1)} it (pjmﬁ; =01
{a® (" p") a® (0" p")} = }Eggﬁ i EgA:gB)_g:g
{(0,00} if (p*p®)=(2,2)

iv. if ve[§,1]

{(8’8)} i (p2,p7) i(é’i)
() ) = 4 o it EiAZ§B§_§132§
{(0,00} if (p*,p") =(2,2)

Back to terrorists’ beliefs

e when 7 € [0,4] then p>%! =0, 41291 = 1 which means that

1,2|0,1 __ . . .
20 > e = =10 g impossible.

12 2,10,1
127 15

2,10,1 - 4p'?%'—10
Z 15

1,2/0,1

e when v € [ ] then p =0, p =1 which means that

I is impossible
2 1 2,110,0 _ 1,200 _ _  (A-mm .
e when v € [R’E] then p2110.0 = /12100 — SA—m)mt (1=)? which
means that p21100 = 112100 js satisfied. Moreover p> b1 = ;1211 =

2,1|1,1 1,2[1,1

0 which means that p is satisfied. Hence we have an

equilibrium

=
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e when ~ € [%,1] then p2100 = ;12100 = (1 — 7)1 which means
that p21100 = /,1:210.0 jg gatisfied.

5. Suppose

2,1/0,0 1,2/0,0
p100 < py12l

W

2,11,0 » 15u"2M0410

1 21\311
2,1/0,1 14p™"—10

= 15
M2,1\1,1 > M1’2|1’1

Following the scheme of point 1, we conclude that in these beliefs regions
there are the following possible PBE

(a) i if ve€ [0, ﬁ]
{(1,
a2 (o7 pP)  dP* (p* pP))} = { ‘%8:
{@,

ii. if ve g, 2]
{(1,
{dA* (pA pB) 4B (pA pB)} _ ) A,
dlidat

iii. if ye[&, g
{(1,
{dA* (pA“DB) LR (pA7pB)} _ { 38:
0’

iv. if ve[§,1]

{(0,
a2 (o7 pP)  dP* (o7 pP))} = }28:
{(0’

Now, we have to go back to terrorists’ beliefs. Hence

e when v € [0

)12

that !l = 412101 g satisfied.

e when 'ye[

means that p

1 2
127 15

2,111 > M1,2\1,1

is impossible.
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} then p2111 =0, 1201 =

if
if
if
if

if
if
if
if

if
if
if
if

if
if
if
if

L] then p2tt = p1201 = (1 — ) © which

(1—‘11')7'r—‘,—(1—7\')2

I
—~ e~~~
O N
A NN

means

(U-m)7 __ which



e when 76[

means that p

0 which means that p

2 1
159 g} then 12
2,110,0 _ M1,2|0,0 :

2,1/0,0

2,1|1,1 _ M1,2\1,1

=p

1,210,0 _

o when 7 € [%’1] then 21100 — ;1,200 _
that p21190 = ;12100 i5 satisfied.

6. Suppose

W

2,1/0,0 < M1’2|0’0

I

2,111,0 « 15210410

]
2,10,1 ~ 14p"%1%'—10

= 15
ILQ’”M > M1’2|1’1

is satisfied. Moreover p
is satisfied.

(1—m)7

2(1—m)m+(1—m)
=u

2,1|1,1

= which

1,2]1,1 _

(1 — 7) 7 which means

Following the scheme of point 1, we conclude that in these beliefs regions
there are the following possible PBE

(a)

{dA* (pA’pB) ,dB* (pA7

ii.

iii.

{dA* (pA’pB) ,dB*

iv. if ye [t

iif v e [0,75]

if ve€ [%2,

{dA* (pA7pB) ,dB* (
it v el
(

1]

2
15

»")}
p*.p%)}
p*.p?)

}

|
|
|

{dA* (pA’pB) ,dB* (pA,pB)} —

Now, we have to go back to terrorists’ beliefs. Hence

e when v € [0

1
)12

that p21111 = 12101 is satisfied.
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if
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| then g2ttt = 1201 — (1 — )7 which means



1
12>

that M?,l‘l,l =5
which means that p

e when v € [
1,2|

%] then p

2,101,1 _
1=y

L1 is satisfied.
2,1/0,0 __ ,,1,2/0,0
0.0 — 1.2

1— .
1,2/1,1 _ % which means
Moreover p21100 = ;12100 — ¢

is satisfied.

e when v € [%,%} then p>'1 = ;121 — 0 which means that
2ULE — 1201 — 0 is satisfied. Moreover p2t00 = /12100 —
(1—m)m

2(1—m)m+(1—m)

e when v € [%, 1] then p
[ 2110.0 — 1,2]0,0

7. Suppose

H 1 21\% 1
2,1/0,1 14p—"""—10

> which means that u

2,110,0 — ,,1,20,0 — (1 _
10,0 — /,1,2] =(1

is satisfied.

2,1/0,0 1,2(0,0
p2 00 < 12

2,1/1,0 ~ 154210410

2.1)1,1 12011
p2ttt >y,

2,1/0,0 _ ,,1,2]0,0
00 — 1.2

is satisfied.

m) 7 which means that

Following the scheme of point 1, we conclude that in these beliefs regions
there are the following possible PBE

(a) i if ye [0,%]
{11} if (ptp®) =(1,1)
{0 (4,07 .05 (7)) = { L G 20
1,1} it (p*p") =(2,2)

i if v e [, Z]
{11} if (p*p®) =(1,1)
e - B
{0,0} if (p?,p®)=1(2,2)

iii. if v e [2,2]
{11} it (p*p?) =(1,1)
{a* (p*,p") ,d"* (pA,pB)}{ }88{ i (ﬁﬁ’ﬁ?zg’ii
(0,0} if ép“:p3§=(2:2)

iv. if ye[3,1]
b ¥ =
{a* (v*,p"),d™ (pA,PB)}{ {00} it (gA:gB);EﬂZ;
{o,0} if (p*,p®)=(2,2)
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Now, we have to go back to terrorists’ beliefs. Hence

when v € [0, 4] then g2t = p1201 = (1 — 1) r which means
that p2h1 = 1201 is satisfied.

1— .
when v € [4, 2] then p?!h1 = % and p'2b1 = 0 which
means that 211 > 12101 i satisfied. Moreover p?'1%9 = 0 and

1,2/0,0 _ (A—m)m 1,2/0,0

I Tommr (=)’ which means that 1% < g is satis-
fied.

2 1 2,1/0,0 _ ,,1,2(0,0 _ (1—m) ;
when v € [2, 3] then p>100 = 12100 = 2(17ﬂ)ﬂi(7{7ﬂ)2 which

2,1/0,0 __ ,,1,2/0,0 2,11,1 _ ,,1,2]1,1 _
| *#l | *lt‘ —

means that
0 which means that p

is satisfied. Moreover p
2ALT — 12101 g satisfied.

when € [2,1] then p2!%0 = ;1:210.0 = (1 — 7) 7 which means that

p2 100 = /1,210.0 jg satisfied.

8. Suppose

2,1/0,0 1,2(0,0
p2 00 < 12

2,1/1,0 ~ 154210410

1 21\%1
2,1/0,1 14p—™"—10
" ‘ P E——

= 1
u2,1\1,1 < M1,2ﬁ1,1

Following the scheme of point 1, we conclude that in these beliefs regions
there are the following possible PBE

(a)

i if ye[0,4]

{1,(1)} 1£ épi,pg—(;i)
{d* (p*,p"),d% (p*,p")} = }1:1{ i (gA:];B)_Eﬁ?g
{1,1} if (pA,p®) =(2,2)

i if ve |3, 2]

{1,1} li épf‘,pgg =(1,1)
{dA* (pA’pB) 7dB* (pAypB)} _ E:(ﬁ ;f (gAng) ; g:;g
{o,0} if (pA,p%) =(2,2)

iii. if v e [Z,1]
(1,1} li gpiapgg =(1,1)
{dA* (pA’pB) ,dB* (pAypB)} — }8:8{ ;f (gA:gB) ; g:;;
{0,0} if (p*,p%) =(2,2)
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iv. if ve[§,1]

{0,0} ii p;‘,pi =(1,1)
0,0} i =(2,1
{dA* (pA’pB) ,dB* (pA’pB)} — }0:0]}’ if ]ZZA:]I;B — 51:2;
0,0} if (p*,p") =(2,2)

Now, we have to go back to terrorists’ beliefs. Hence

e when v € [0, ] then p2!10 = 1 and g0 = 0 which means
that g0 > 715”1’11’0“0 is satisfied. Moreover p?'1 = 0 and
NLQH’I = ﬂ2+(1£17r_):)+ﬂ(177r)2 which means that u271‘171 < ,u172|1’1 is
satisfied.

e when v € [%, %] then p2 1110 = 1 and p?19 = 0 which means that
p2 1o > 15“1’21‘# is satisfied. Moreover p2!t1 = 0 and p' 210! =
% and p> bt < 12101 s satisfied. Finally p210-0 = ;12100 —
0 which means that p2190 = 12100 jg gatisfied.

e when v € [Z,3] then p2!M1 = ;121 = 0 which means that

2,1|1,1 _ M1,2\1,1 2,1/0,0 1,2(0,0 _ (1—m)m

=H = =t (1—n)?
is satisfied.

is satisfied. Moreover p
2,1/0,0 _ ,,1,2/0,0
0.0 — 1.2

1
which means that p

e when v € [§,1] then p2 0.0 = 1.2100 — (1 — 7)1 which means
that p21100 = ;12100 jg gatisfied.

9. Suppose
21100 > 1,2(0,0
2,111,0 « 15u"210410
H < 14
p2101 < 14,2101 10

—_— lr
P2 > Ml,ﬂ)l,l

Following the scheme of point 1, we conclude that in these beliefs regions
there are the following possible PBE

(a) i if y€ [0, 75]

{1,1} ii p;‘,pi =(1,1)
1,1} i = (2,1
{a* (p*,p"),d%" (p*.pP)} = }0:1]}, if ﬁAng :E1:2§
{11} it (p*p%) =(2,2)

ii. if 7€ |3, 2]

{H} li épjpig:(;,i)
{a* (p*,p"),d" (p*,p")} = }0:1{ ;f (gA:zB);&:?g
{0,0} if (p*,p%)=(2,2)
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iii. if ve[&,3]

{11} i (pﬁ,p§)=(1,1)

(1 (g2 a5 g} = | 00 I ) =)
{0,0} if (p*p")=(2,2)

iv. it ye[11]

}0,0% if (pj,pi)glyli

) ) 0,0} if (pA,pf) = (2,1

{dA (pA,pB),dB (pA,pB)}: {070} if zA)gB :(172)
{0,0} if (p*p")=(2,2)

Now, we have to go back to terrorists’ beliefs . Hence

e when v € [0, 4] then p*'%! = 0 and p!?% = 1 which means that

)12
2,1/0,1 ~ 14p"*%'—10 2,1|1,1 _ (A—m)m

K — 15 7r2+(177r)7r+(177r)2

and p

is satisfied.

is satisfied. Moreover p

1,2/1,1 2,111 ’u1,2\1,1

= Owhich means that p
12
12 35] b
that p21101 < 210 s gatisfied. Moreover p211h1 =
1,2]1,1 2111 5 41211

= 0 which means that p
2,110,0 — ;12100 — (0 which means that 0.0

} then p2'1%1 =0 and p'21%' = 1 which means
(1—m)m
m2+(1—m)7
is satisfied.
— M1,2|0,0 is

e when 76[

and p
Finally p
satisfied.

2,1]1,1 1,2/1,1

= 0 which means that

2,10,0 _ ,,1,2/0,0 _ (A—m)m
H 2(1—m)m+(1—m)?

e when v € [%,%} then p
p2 UL = 120

which means that p

= p
is satisfied. Finally u

2,100 — /1,200 ig satisfied.

e when v € [4,1] then p?!00 = ;12100 = (1 — 7) 7 which means
that p21100 = ;12100 jg gatisfied.

10. Suppose
21100 > 1,2[0,0
2,111,0 ~ 15u2210410
H < 4
p21001 > 145210110

= 15
2,1]1,1 1,2]1,1

H <p
Following the scheme of point 1, we conclude that in these beliefs regions
there are the following possible PBE
(a) i if y€ [0, 75]

{dA* (pA’pB) ’dB* (pA7pB)} - }1: 1{ ;f (pA,pB) _
{1,1} if (pA,pB) =
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127 15
{1,1} %ﬁ épj’pgii(Ll)
{d* (p*,p"),d" (p*, ")} = }1(1){ ;f (iAZ];B)_ng
{0,0} if (pA,pP)=(2,2)

iii. if 7€ [F, §]
(1,1} if (pA,p®)=(1,1)
{dA* (pA’pB)vdB* (pA,pB)}: }8:8]}’ i gi:gg ig:;;
{o,0} if (p*,p®)=1(2,2)

iv. if v e [L,1]
{0,0} if (pj,pi):(l,l)
{4 () ™ (ph 7)) = {100 I () (2]
{o0,0} if (p*,p®)=1(2,2)

Now, we have to go back to terrorists’ beliefs. Hence
e when 7 € [0, %] then x>0 =1 and p2110 = 0 which means that
2,111,0  15p"2M0410
pAtIhe < Sl
e when v € [4, 2] then p>!M0 =1 and p!?10 = 0 which means

1,2[1,0 L .
that p21110 < w is impossible.
2,1|1,1 1,211

is impossible.

= 0 which means that

2,1/0,0 — ,,1,2/0,0 _ (A—m)m
H 2(1—m)ymt(1—m)2

is satisfied.

=M
is satisfied. Moreover p
2,1/0,0 _ ,,1,2/0,0

e when v € [%,%] then u
p2 LT = 120
which means that u

e when ~ € [%,1] then p21100 = ;12100 — (1 — 7)1 which means
that p21100 = /12100 jg gatisfied.

11. Suppose

u2,1\0,0 > M1’2|0’0

2,111,0 ~ 15210410

2,1)0,1 o 14p"?1%'—10

= 1
2,1[1,1 1,2[1,1
7 L1 < 7 ﬁ

Following the scheme of point 1, we conclude that in these beliefs regions
there are the following possible PBE

(a) i if ve [0, 5]

{H} li épjpig:(;,i)
{a* (p*,p"),d" (p*,p")} = }1:1{ ;f (gA:zB);&:?g
(1,1} if (pA,pP) =(2,2)
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2 15
L1} it (p%p%) = (L,1)

Ax (A B\ 4Bx (A By _ ) 10,0} if (p%,p”) =(2,1)
{d (p D )7d (p D )}_ {171} if pA)pB :(172)
{o,0} if (p*,p%)=1(2,2)

{1,1} ig (p;‘,pi):(l,l)

. \ 0,0} if (p*pB) = (2,1
(™ 0%p") a7 07} = }0,0{ if gﬂ% =E1,2§
{0,0} if (p*p%)=(2,2)

iv. if ve[§,1]

{0,0} ii (p;‘,pi =(1,1)

§ 0,0} i ,p°) =(2,1

{dA* (pA,pB)adB (pA,pB)}Z }0’0% if é]};A»IIZB 251723
{o,0} if (p*,p%) =(2,2)

Now, we have to go back to terrorists’ beliefs. Hence

e when 7 € [0,5] then p>1tt = (1201 = (1 — 7) 7 which means

)12
that p2h1 = 1201 is satisfied.
when ~ € [%,%] then p2'! = 0 and p2b! = 7F2(i(17?:)ﬂ

2,111 u1,2|1,1 2,1/0,0 _

which means that p is satisfied. Moreover p
% and 212199 = 0 which means that ;2190 > ;1,200 jg
satisfied

when v € [ z 1] then p2 1101 = 4121110 which means that p2!h! =

15° 6
. . 1—
pb21 s satisfied.  Moreover p2110:0 = ;12100 — m

which means that p>!0:0 = ;12100 ig satisfied
when v € [4,1] then p>!00 = ;12100 = (1 — 1) 7 which means
that p21190 > ;1.210.0 i satisfied.

12. Suppose

2,1/0,0
P00 <y

2,1]1,0 15210410

1,2/0,0

1 2]1611
2,101 « 14p22%1—10

> 15
2,1|1,1 1,2[1,1

H >

Following the scheme of point 1, we conclude that in these beliefs regions
there are the following possible PBE
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iif ye[0,4]

{1,1} if (p?
{1,1} if (p*p
A
A

S
w

~—
|

™ ("p7) . a7 0P =0 01y i (p

{1,1} if (p*,p°) =

i if ve |35, 3]

{0,1} if
{o0,0} if (pA,p?) =
iii. if ye[&, ¢
{1,1} if (p*p®
{0,0} if (p?,p”
{0,0} if (pA,p®
{o,0} if (p*,p®) =

A~ NN
N = N =
NN =
— — — —

{dA* (pA’pB) ,dB* (pA,pB)} _

{1,1} if (pA,pP) =
{dA* (pA’pB)7dB* (pA,pB)}{ {171} if épj:,pi =
A B

iv. if ve[§,1]

{0,0} if (p?,p®)=(1,1)
Ax A B Bx* A B _ {07 0} if pA7pB = (27 1)
TGP 0PN =0 G0} i (p1p8) = (1,2
{030} if (pA7pB) = (2’2)
Now, we have to go back to terrorists’ beliefs. Hence

e when 7 € [0, %] then p2tht = W2+(1£1W_):2:(1_W)2 and p'21 =0
which means that p2Hb1 > ;1201 is satisfied. Moreover 2% =0

1,2]0,1
and p'21%1 = 1 which means that 21191 < w is satisfied.

when v € [&, 2] then %! = 0 and 12/%! = 1 which means that

ptiot < W is satisfied. Moreover p2!90 = ;1.210.0 — ¢
which means that p21100 = ;12100 i5 satisfied. Finally p>th! =
% and p'2! = 0 which means that p>!bt > ;L2010 §g
satisfied.

when ~ € [%,%] then p>t0.0 = ;1,200 — —2(1_;1);1)(7{_7,)2 which
means that p>'100 = ;12100 js satisfied. Finally !0t = ,b201 =

0 which means that g1 = 412101 ig satisfied.
when ~ € [%,1] then p2100 = ;12100 = (1 — 7)1 which means

that p21100 = /12100 jg gatisfied.
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13. Suppose
21100 > ;1,200

2,1|1,0 ~ 1520410

11
2,1]0,1 » 14p"?1%1—10
P21t < 12

Following the scheme of point 1, we conclude that in these beliefs regions
there are the following possible PBE

(a) i if y€ [0, 75]

{1,1} if (pi

X « 1,1} if (p%p
{a* (p*,p"),d" (p*.p")} = }171}; it (pA
{1,1} it (pA,p"®) =

ii. if ve L, 2]

{11} if (p;‘,pB) =(1,
a2 (o7 pP) ,dP* (o7 pP) )} = ?1):(1){ i gAJ? = E?v
{o,0} if (p*,p®) = (2
iii. if ye[&,z]
{1,1} it (p*
. A
LA (o7 pP) ,dP* (o pP))} = { }8:8{ ii gpA,p
{o,0} if (p*,p®) =

iv. if ve[§,1]

{0,0} %ﬁ (pj
{a* (p*,p") ,d"* (p*,p)} = }8:81 i épA,p
{0,0} if (pA,pP)=

Now, we have to go back to terrorists’ beliefs. Hence

e when 7 € [0,5] then p>ttt = (1201 = (1 — 7) 7 which means

that p2h1 = 1201 is satisfied.

2,10,0 _ (—mm
(1—m)m4+(1—7)2
is satisfied. Moreover p

1,2[0,0 _ 0

e when ~ € [%,1—25] then p and p

2,100 - ’u1,2|0,0 2,1|1,1 _

1,2|1,1

which means that u
0 and M1’2|1’1 _ _(-mm

w24+ (1—m)mw is
satisfied.

which means that p>'b! <
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2,1100 _ 1200 _ __ (A=mr 4.
then p =pu = STyt which
2,1/1,1 1,2|1,1 _

2 1
e when Y € [TS’E:I
2,110,0 — /;1,210.0 jg gatisfied. Moreover

21LT — 12111 g gatisfied.

means that p
0 which means that u

=p

e when v € [%,1] then p2!%0 = ;1:210.0 = (1 — 7) 7 which means that

p2 100 = /1210.0 jg satisfied.

14. Suppose

2,1/0,0 1,2(0,0
p2 00 < b2

2,1]1,0 ~ 15"20410
H = 11
2,1/0,1 ~ 14p"*1%'—10

= 15
ILQ’”M < M1’2|1’1

Following the scheme of point 1, we conclude that in these beliefs regions
there are the following possible PBE

(a) i if ve€[0,5]

{1,1} if (php") =(1,1)
i A By _
(" (.95 (4,07} - { ) i (e (o
{11} if (p*,p%)=(2,2)
i if v e [&, 2]
L1} it (p%p?) = (L,1)
if = (2
{7 a2 )y = 4 100 ) )
{0,0} if (p*,p%)=(2,2)
i, if v e [Z,3]
}1,1% if épf‘,pgi:ELl;
N " 0,0 if 5 = 271
{a* (p*,p®),dP" (p*,pP)} = (0.0} if (gA,gB):(m)
{o,0} if (pA,p%) =(2,2)
iv. if ye[3,1]
{0,03 i (pp%) = (1,1)
if =(2,1
{a% (p%,p%),d" (p%,p")} = }88% if <§AZZB)=§122§
{0,0} if (p?,pf) =(2,2)

Now, we have to go back to terrorists’ beliefs. Hence

e when v € [0, %] then p2tt1 = ;1201 = (1 — 1) 7 which means

that p21111 = 12101 is satisfied.
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1 2 2,1/0,0 _ (A—m)m 1,2/0,0 _
e when ~ € [ﬁ,ﬁ] then p21100 = o mt(1=n)? and p'200 = 0
2,1/0,0 M1’2|0’0

which means that u is not satisfied.
e when v € [Z,2] then p>t! = p1201 = 0 which means that
1 2,1/0,0 1,2/0,0 _ (A—m)m

2,111,1 _ ,,1,2[1,1 _
R —H 2(1—m)mt(1—m)2
which means that u is satisfied

is satisfied. Moreover p
2,1/0,0 _ ,,1,2/0,0

e when v € [2,1] then p?!%0 = ;1:210.0 = (1 — 7) 7 which means that

p2 100 = /1210.0 jg satisfied.
15. Suppose
2,1]0,0 1,2{0,0
2,1/1,0 « 154210410
p 0 < okl

i
2,1]0,1 ~ 14p*?1%'—10
p2 101 > e 10

HQ’M’_l < pb2

Following the scheme of point 1, we conclude that in these beliefs regions
there are the following possible PBE

(a) i if ve€[0,5]

{1,1}y if (pj,pi)z(l,l)
1 if = (2,1
() =4 i e Z (1
{1,1} if (p?,p%) =(2,2)

ii. if ve |3, 2]
{1,1}y if (pj,pi):(l,l)
1 if = (2,1
() =4 e Z (1
{070} if pA)pB :(272)

iii. if y e [&, ¢
i 4
{dA* (pA,pB),dB* (pA,pB)}Z {878} i ﬁAygB i(?;)
{o,0} if ép“‘mBg:(?»?)

iv. if ve[§,1]
}0,0{ if (pi,pi)g1,1§
, . 0,0} if , =(2,1
{d* (" p7) . 0% 0") =0 fol0) it zA,iB —(12)
{0,0} if (p*,p%)=1(2,2)

Now, we have to go back to terrorists’ beliefs. Hence
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when v € [07 1—12] then p21119 =1 and p*2"0 = 0 which means that

2,11,0 < 15u"2M0410
= 17

I is impossible.

when v € [4, Z] then p>'10 = 1 and p121 = 0 which means
that p2111:0 < W# is impossible.

when v € [Z,2%] then pt = p1201 = 0 which means that

p2 L = 12101 g satisfied. Moreover p2H0:0 = £1,210.0 — %

which means that ;190 = ;12100 j5 satisfied.

When v € [#,1] then p2 00 = 12100 — (1 — 1) which means

that p21100 = £,1:20.0 jg gatisfied.

16. Suppose

21100 < 41,2(0,0
2,1|1,0 ~ 1520410
p2 101 < 14p12191—10

2,111 1511
/‘L) ) SM) s

Following the scheme of point 1, we conclude that in these beliefs regions
there are the following possible PBE

(a)

iif v e [0,75]

gy | 11§ B
p,p7),d7" (ptp7) ) = o (A B) _

il i (e~

i if ve [, 2]
{11} if épj:,pi =(1,1)
(0 6t 0?).a ha) = 0 ) 2 )
{0,0} if (p*,pP)=1(2,2)

iii. if e [Z,1]
{11} if (p*p®) =(1,1)
{a* (0*,p"),d" (p*.p%)} = }88{ " ﬁiii iﬁii
{0,0} if (p?,pf)=1(2,2)

iv. if ve[§,1]
{0,0} ?f gpi,pigi(l,l)
{a% (ph.p7) .d* (p",p") } = }88{ ﬁ (iAjZB);Efjéi
{o,0} if (p*,p®)=(2,2)
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Now, we have to go back to terrorists’ beliefs. Hence

e when 7 € [0,5] then p>1tt = (1201 = (1 — ) 7 which means

that p2!H1 = 12101 ig satisfied.

1 2 2,110,0 _ (1—m) 1,20,0 _
e when v € [35, 2] then p2!00 = (l_w)ﬂ+(f_ﬂ)2 and pb200 = 0

which means that p21190 < ;12190 i5 not satisfied.
e when 7 € [Z,3%] then p®!1 = ;12101 = 0 which means that

is satisfied. Moreover p210:0 = ;1,210.0 — %

2,1/0,0 __ ,,1,2/0,0

2,1|11,1 _ ,,1,2|1,1

which means that u is satisfied.
e when v € [4,1] then p>!00 = 12100 — (1 — 7) 7 which means
that p21190 = 41,2100 ig satisfied.
We sum up the previous results in the following proposition

Proposition 11 1. When ~ € [0, %} there is a PBE such that

(L o pren =
. . L1} df (php°) =(2,1)
dA A’ B 7dB A’ B c { ‘
ta™ (p%p7) a7 (27 ) {11} if (p%p") =(12)
{1a1} if (pAva :(272)
Mz,uo,o > M1’2|0’0
210 > 15u2110410
14
2,1/0,1 > 14#1,2\0,1710
" —_ =
“2,1\1,1 — 1<,2\1,1 :15(1 _ 71')71'
[0,1] édA,dB = (0,0)
* (A 3B [Oa]-] dAvdB :(170)
)N o) (ata?) = 0,1)
[0,1] (d*,dP) =(1,1)
2. When ~ € [1—12,12—5] there is a PBE such that
{1} i pf‘,pi =(L1)
. . L} if (pp7) =1(2,1)
dA A, B ,dB A7 B — {( k
W ESP0 T 0RT = (WD) i (h®) = (12)
{(0,00} if (p*,p") =(2,2)
M2,1\0,0 — M1,2|0,0 =0
p2 110 < 15u12M94 10
21001 > 14p'21%1—10
A = I =
[0,1] (d*,d”) =(0,0)
* (JA B {0} dAvdB):(]-vo)
UL EN 1) (ahan) - o)
[0,1] (d*,dP) =(1,1)
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3. When 76[

157
{L1}y o (p*p
* * 0,0} if (p*,p
d (pA,pP)  dB* (pA, pP)} = {0, ] ’
{a* (p%,p7),a% (p". ")} 0o it
{0,0} o (p*p
21100 — ;12000 - __ (=mm
19 =M - 12gll—ﬂ)7\—+(1_7.r)2
p L0 < 15u 20410
p2l01 g L0010
0= M2’1‘1’1 — M1’2|1’1
[0,1] (a*,d?) =(0,0)
* A ;B [0’ 1] (dAadB) = (1 0)
a (d 7d )E [0’1] dA,dB :(O 1)
[07 1] dAydB :(1 1)

2

%] there is a PBE such that

4. when v € [%, 1] there is a PBE such that

{dA* (pA7pB) ,dB* (p )

7))} =

{0,0}
{0,0}
{0,0}
{0,0}

P00 = 12100 — (1 — 1) 1

2,111,0 « 15u210410
\ < o410

i
lu2,1\0,1 § W%
P2t < 1Al
0.1] (d4,dP) =
% (1A B [071] dA’dB _
a (d ,d )6 [0,1] dA7dB _
o] (4 d) =
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